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Preface 


This  "Final  Report"  is  final  only  in  the  sense  that  it  covers  the 
period  for  which  the  contract  with  the  Office  of  Naval  Research  specified. 

The  problem  is  by  no  means  resolved.  The  synthetic  aspects  of  the  problem 
are  pretty  well  worked  out  although  one  or  two  questions  remain  in  getting 
to  the  4-bromo-2, 2-diphenyl,  and  di-p-tolylbutylandne  hydrobronddes.  We 
were  unable  to  do  as  much  kinetic  work  as  was  expected  because  of  the  time 
demand  of  the  many  difficulties  encountered  in  the  synthetic  work.  Never- 
theless, enough  progress  was  made  on  the  kinetics  to  point  out  the  necessity 
of  obtaining  very  pi'ecise  hydrogen  ion  concentrations  of  the  buffers  used 
and  to  indicate  ultimate  success  in  the  entire  undertaking.  With  this  in 
mind,  we  plan  to  submit  a request  for  continued  support  of  this  project  in 
the  near  future. 

This  report  is  based  on  the  Ph.D.  dissertation  submitted  to  the 
Graduate  School  of  the  University  of  Southern  California  by  Norman  N.  van 
Gulick  in  partial  fulfillment  of  the  requirements  for  the  Ph.D.  degree. 

As  such,  all  of  the  preliminary  work  on  the  problem  done  before  the  contract 
was  negotiated  is  included  to  give  a complete  picture. 

It  is  a pleasure  to  acknov/ledge  the  support  of  the  Office  of  Naval 
Research  for  this  work,  v/ithout  v;hich  progress  would  have  been  quite  slow. 

The  pleasant  cooperation  of  all  representatives  of  the  ONR  should  also  be 
mentioned  as  contributing  to  the  progress  attained.  And  the  satisfaction 
of  watciiing  the  development  of  the  research  assistant  from  an  inexperienced 
worker  into  a collaborator  who  knew  how  to  make  things  v/ork,  and  who  had 
more  than  a share  in  originating  ideas  is  the  greatest  recompense  of  academic 
work.  In  no  small  measure  is  the  success  of  this  project  due  to  Mr.,  now 
Dr.,  van  Gulick, 


Ronald  F.  Brovm 
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I.  INTRODUCTION 


It  is  a well-knotm  general  rule  that  the  introduction  of  allcyl  groups, 
particularly  gerainal  alkyl  groups,  into  a suitably  chosen  bifunctional 
compound  strikingly  enhances  the  tendency  of  that  compound  to  cyclize. 
Conversely,  a geminally  substituted  c^^’clic  compound  resists  scission  to  a 
far  greater  degree  than  does  the  parent  unsubstituted  cycle.  Since  it  is 
beyond  the  scope  of  this  introduction  to  present  a full  suinrey  of  the  volumi- 
nous literature  pertain3jig  to  this  phenomenon  as  it  obtains  in  cyclic 
anhydrides,  lactones,  imides,  etc,,  only  a fev;  selected  examples  of  a laore 
interesting  nature  shall  be  given. 

The  equilibrium  constant  for  t-he  following  ketocyclol  tautomeric 

reaction  is  A-dependent^ 

0 OH 

C-CC2H  i-COzH 

UaC;  — RaC^'l 

'CH2-CO2H  CH-CO2H 

I II 

Thus,  it  is  found  that  when  R is  hydrogen  or  methyl,  the  equilibrium  is 
shifted  so  far  to  the  left  that  only  the  keto  acid  (l)  may  be  detected.  On 
the  other  hand,  if  R2  is  pentametliyleno,  then  only  the  cyclic  modification 
(ll)  may  be  detected.  Ho^/ever,  if  u is  either  ethyl  or  n-propyl,  then  both 
forms  exist  together  in  the  equilibrium  mixture. 

It  has  been  found  that  brominated  glutaric  esters  such  as  III  are 
thermally  unstable  with  respect  to  the  lactone  (Tv)  and  ethyl  bromide, 

CzHsOaCCIBrCRaCHBrCOaCzHs  ^ DrCH--CR2  + CgHsBr 

0°C  CHCO2C2H5 

'0 

III  IV 

If  R is  hydrogen,  the  reaction  fails  to  occur,  but  if  R2  i®  dimethj'’!, 
diethyl,  or  tetramethylene,  traces  of  the  lactone  may  be  isolated,  vJhile  if 
R2  is  pentamethylene,  the  reaction  goes  to  completion  upon  slow  distillation. 
This  reaction  is  given  as  an  example  of  the  geninal  alkyl  effect,  since  it 
seems  reasonable  that  the  reaction  i.iay  involve  a bicyclic  transition  state 
such  as  V 


2 


0 


It  is  kno.m  that  1,6-diketones  are  quite  stable  as  such,  although  they 
do  cyclize  with  ease  in  the  presence  of  acids  or  bases,  KoT/ever,  the  tetra- 
raethyl  ketone  (VI)  exists  only  in  the  cyclic  form  (VIl).^ 


(CH3)2C  — (CH3)2C— CH2  OH 

( ^ COCH3 ^ j 'c 

(CH3)2C  — CH2  (CH3)2C — 'CH3 

COCH3  COCH3 

VI  VII 


Ingold  and  Thorpe,  publishing  nvunerous  papers  in  the  years  from  1915 
through  1929j  v/ere  the  principal  vroiloei's  in  this  field  and,  in  fact,  were 
the  only  investigators  to  offer  an  explanation  for  this  phenomenon.  Thus, 
in  1915  the  geninal  allcj-'l  effect  v;as  postulated  to  be  principally  steric  in 
nature  and  the  "Valency  deflection  l^yl:)Othesis’  v/as  proposed.^  According 
to  this  hypothesis,  a carbon  atom  will  be  strictly  tetrahedral  only  if  its 
four  substituents  are  identical,  Othen'fise,  the  valence  euigles  v/ill 
adjust  themselves  according  to  the  atomic  volumes  of  the  substituents.  If 
the  geiainal  substituent  is  a cyclic  polyraethylene  radical,  then  the  external 
valence  angles  will  adjust  themselves  in  the  re;naining  space. 


VIII 


Some  of  the  calculated  valence  angles  (2©  of  figure  VIII),  as  obtained  by 

these  workers,  are  given  in  Table  1.  The  starred  cyclic  groups  v;ere  assumed 

5* 

to  be  planar,  an  error  v;hich  v;as  corrected  in  a later  paper. 


Table  1 
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Ra 

2GP 

Rz 

__2_CP_ 

2Q° 

H2 

115.3 

(CH2  )z 

116.9 

(01-12)5 

107.2 

(GHa), 

1U9.5 

(^‘•2  )a 

113.0 

(CH2)6^ 

105.3 

(C2H5 ^2 

107 

^CH2  )if. 

1 0-9.7 

(OH2 ) 7 

103.7 

This  li^-^othesis  v/as  used  uith  success  to  “;ive  qualitative  correlations 

/ 

between  the  valence  an^le  2Q  and  the  ionizc-tion  constants  o."'  aalonic^  o,nd 

.7  C 9 

glutaric  acids,  and  the  hydrolysis  rates  dipole  ivioi.ionts^  of  miilonic 

esters,  iiven  ;.iore  spectacular  ;as  the  cie...o:istration  of  a lineai'  rclu-tionship 

betv/een  the  calculated  valence  an^le,  2W,  ain  tiie  lo._iarit!i;..  of  the  velocity 

1 0 

constant  for  alkaline  hydrolysis  of  5>5-diai!<;;,'-l-!i^alantoins. 

The  "Valency  Deflection  liypotliesis"  survived  a iidiior  attack  by 
Huckel^  ^ and  still  stands  today  in  opposition  to  uodem  bond  aiigle  measure- 
ments. Indeed,  the  latest  " substanti^.tion"  of  tiiis  h^q^othesis  appeared  in 
1942.*^ 

It  may  not  be  ai.dss  to  consider  a possible  alternative  to  the  "deflec- 
tion hypothesis"  at  this  point.  Certainly  it  would  be  unwise  toassu;.ie  th.at 
the  bond  angles  of  a carbon  atom  are  absolutely  constant  regardless  of  the 
nature  of  the  substituents,  but  bond  deflection,  if  it  exists,  must  certainly 
be  a second  order  effect  of  snail  r.iagnitude  in  coivparison  to  the  profound 
effect  of  substitution  on  rotational  isomerism.  Of  course,  in  the  event  that 
the  geminal  substituent  is  either  the  di-  or  trimethj'’len3  group,  valency 

deflection  must  be  considered  as  well  as  rotational  iso.ierism,  siiice  the 

12  13 

external  bond  angles  are  greater  tlian  tetrahedral  for  these  cases.  * Dince 
cyclization  requires  the  formation  of  a cyclic  transition  state  from  a 
molecule,  presumably  in  the  ground  state  lo>/est  energy’’  linear  configura.tion, 
bg  a process  of  bond  rotation,  it  is  clearl3'-  seen  tliat  rotc.tional  energj'’ 
barriers  of  a staric  nature  effectively  contribute  to  the  of  cyclization. 
Thus,  figures  k and  aI  sho\/  the  ex;:)ected  effect  of  progressivel2’"  increasing 
the  size  of  the  ^ei.iinal  substituents  upon  the  snape  of  the  energy-configuration 
curve  of  the  parent  compound  (Ik),  The  abscissas  represent  the  angle  of  bond 
rotation  with  respect  to  the  reference  conf igurations  iadica.ted.  The  corre- 
sponding configurational  energies  are  plotted  on  the  ordinates  in  terns  of 
completely  arbitrary  and  mutualli’-  independent  scales.  The  radicals  X and  Y 
are  functions  which  for  the  sake  of  argument  are  ta;;en  to  be  equal  to  methyl 
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in  bulk,  and  which  can  interact  to  form  a cycle.  The  fonuation  of  the 
transition  state  requires  a rotation  of  180°  from  the  reference  position  and 
the  absorption  of  energy  in  the  amount  of  . . 


K X ::i 

\/hile  it  is  impossible  to  assess  the  relative  magnitudes  of  . in  this 

rot  ^ 

series,  undoubtedly  there  is  a trend  of  increasing  or  decreasing  v;ith 

increasing  substituent  bulk.  _jitropy  effects  ai*e  more  evident,  hov/ever,  since 
the  aaigxilar  distwice  between  X and  Y iji  the  ground  state  configuration  v;ould 
decrease  'witii  increasing  bulk  of  the  gemiiicvl  groups  and  thence  the  decrease 
in  entropy  on  going  into  the  trcuisition  state  v/ould  likev.’ise  become  smaller. 
For  a series  of  coi.ipounds  differing  only  in  the  bulk  of  the  gsi.dral  gi'cup, 
it  seems  reasonu.ble  to  write,  as  an  approxL.iation, 

AH'"  - (aH^  + hHj  + 1-  + . • 0 = + C). 

refers  to  the  energies  of  the  bonds  beijig  fon.'.ed  and  broken;  AH^  refers 
to  the  inductive  effect  of  the  substituents  rel^vtive  to  li^'drogen  vdiich  v;ould 
be  reasonably  constant  for  alkyl  groups  in  the  i.iiddle  of  a long  cliain,  and 
AH^  refers  to  bond  angle  defonnation  in  the  event  that  uhe  ring  being  formed 
has  fe\/er  than  five  members.  For  each  of  the  Ah'  terms  tnere  is  a correspond- 
ing AS  term  and  so  AS^  = X.(aS^)  = (aS^^^  + C)  likeiri.se.  iiirther 

speculation  ./ithout  quantitative  data  is  uni.'arrantcd,  ho. ever,  a.id  the 
acquisition  of  such  quantitative  data  is  the  eccpress  pur^Xjse  of  the  investi- 
gation now  underway  in  these  laboratories.  To  this  end,  then,  it  >.'as  decided 
to  exai.iine  the  variation  of  AH  and  AS  for  a suitable  c„  clization  reaction 
as  influenced  b3'-  ^eeanal  substituents,  a suitable  reaction  should  be 


5 

mechanistically  simple,  free  from  side  reactions,  and  the  ring  closing  opera- 
tion must  necessarily  bo  the  rate  determining  step.  Among  others,  a family 
of  reactions  which  meet  these  criteria  are  the  cyclizations  of  halo  carboxylic 
acids,  halohydrins,  halothiols,  and  halo  aiiiines  to  give,  respectively, 
lactones, epoxides,  cyclic  sulfides,  and  cyclic  imines.^^  The  halo  amine 
system  v;as  selected  not  only  because  Freundlich'^  demonstrated  that  the  cycli- 
zation  is  first  order  for  the  unsubstituted  halo  amines  and  that  it  is 
irreversible  if  the  ring  fomed  has  more  than  three  members  and  free  from 
side  reactions,  if  the  ring  formed  has  five  or  six  members,  but  also  because 
of  the  relatively  greater  synthetic  availability  of  aliphatic  amines  over 
other  classes  of  compounds.  Thus,  some  of  the  general  methods  of  preparing 
aliph-'tic  ainines  iiivolve  reduction  of  nitriles,  amides,  oximes,  and  nitro 
compounds;  reductive  amination  of  carbonyl  compounds;  allcylation  of  ani;ionia 
and  ammonia  derivatives;  reaction  of  Grignard  reagents  with  nethoxyairine ; 
Hoflnann  rearrangement  of  amides;  and  Beckmann  rearrangei;ient  of  oximes.  Ilore 
specifically,  the  4-bror,iobutylamine  system  v;as  selected  because  of  its  large 
cyclization  rate  constant  and  because  the  product,  a five-raembered  ring,  is 
the  largest  pLaiar  ring  possible.  This  planarity  simplifies  transition  state 
georaetrj^,  and  further'.. io re,  a five-iaenbered  ring  is  large  enough  to  allow 
ample  opportunity  for  substitution.  Unfoi-tunately,  the  irreversibility  of 
the  system  does  not  allov.'  a s'  ,»dj’'  of  ring  stability.  To  study  the  effect 
of  positional  geminal  substitution,  it  v/ould  be  necessary  to  prepare  1,1-, 

2.2- ,  and  3,3-dimethyl-/f-bromobutylamines.  The  effect  of  the  bulk  of  the 
geminal  substituent  would  be  sho.m  by  a comparison  of  /+-bro];’.obuty lamina,  and 

2. 2- dimethyl-,  2,2-diethyl-,  and  2, 2-diisopropyl -4 -bromobutyl-. 

amines,  hile  examination  of  2,2-diphenyl-and-di-p-tolyl-4-bro;uobutylamlies 
would  allo'..'  a decision  to  bo  made  as  to  the  .. magnitude  of  liductive  effects 
while  steric  effects  v/ere  held  constant. 

Unfortunately,  we  were  nob  able  to  brlig  the  investigation  to  a con- 
clusiai  because  of  the  tliie  spent  in  overconlig  the  many  difficulties 
encountered  duriiig  the  prep;,  ration  of  the  various  4-bromobutylai.iines,  The 
s^Totheses  of  these  difficulty  accessible  compounds  der.ionstrata  defliite 
limitations  in  many  of  the  conventional  methods  for  the  pi'eparation  of 
quatemar5''-carbon  compounds  and  make  a valuable  contribution  to  the  chemistry 
of  sterically  hindered  molecules. 
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We  did  begin  the  kinetic  study.  The  results  are  given  of  the  rate 
studies  at  30°  with  various  buffers,  Ho’iever,  \;ork  at  other  temperatures 
and  a continuation  of  the  studies  v;ith  various  buffers  is  necessary  to  an 
understanding  of  the  veiy  interesting  results  obtained  to  date. 


II.  DISOUSSION 


A*  Synthetic  aspects  of  the  invest ipation . 

The  parent  compound  of  the  series,  4-bromobut3’’lanine  hydrobromide  (ll), 

is  the  only  member  which  has  been  preixxrod  previously.  Surprisingly’-, 

Freundlich,  who  studied  the  rate  of  cyclization  of  this  comyjound, never 

described  the  method  of  -preparation  nor  the  properties  of  the  material  which 
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he  used.  Hov;ever,  both  Bleuik  ‘ and  von  Braun  prepared  the  bromo  amine  salt 
(ll)  froi.i  4“phenoxybutylamine  (I)  by  cleavage  with  hydrobi-onic  acid.  In 
both  cases  the  product  was  deacrioed  only  as  a "hj'-groscopic  solid." 

CeKsGCHaCKzCHzBr C6H5OGH2CH2CH2CN 

C6H5OCH2CH2CH2CH2NH2  BrCHzCHzCHzCHgNHz'I-Br 

I II 


Repetition  of  this  sequence  affoi'ded  a good  j’-ield  of  4-bromobutylamine  hy'-dro- 
bromide  (ll)  which  v;as  adequately  characterized. 

Another  possible  sequence  for  the  prej^aration  of  4-bromobutylajuine 
hydrobromide  (ll)  v;as  investigated. 


CH2=CH:;02CH3 


KCK, 


J!CCH2CH2C02CH3 


III 


LialHi,. 


NH2CH2C112CH2CH20H 


ac.  HBr 


> II 


IV 


Unfortiinately,  a low  yield  of  20/j  in  the  reduction  step  (done  early  in  the 
work)  caused  the  method  to  be  abandoned.  This  lov;  yield  apparently  was  due 
to  isolation  difficulties,  since  the  amino  alcohol  (IV)  proved  to  be  so  water- 
soluble  that  it  could  not  be  extracted  adequately  froi*;'.  aqueous  systei:is. 

However,  in  viev/  of  our  development  of  a technique  for  decomposing  lithium 
alximinm  hy'-dride  reduction  mixtures  \jith  a limited  quantity  of  saturated 
aqueous  sodium  chloride  solvition  to  give  high  ydelds  of  amino  alcohols,  it 
would  seem  that  this  sequence,  starting  from  readily  available  methyl  acrylate, 
is  potentially  superior  to  the  method  of  Blank. 


e 
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The  Delepine  method  for  the  preparation  of  amines  by  hj'’drolysis  of 
the  adducts  formed  from  alkyl  halides  and  he^ajiiethylenetetramine  (Hex) 
suggested  a short  and  simple  synthesis  of  4-bmr.obutylaraine  hydrobromide  (II): 

Br(CH2)4Br  - Br(CH2)4(Hex)'^  Br"  II 

V 

Although  the  quatemarj’’  adduct  (V)  vjas  obtained  in  quantitative  yield  by 
allowing  a chloroform  slurry  of  the  reactants  to  stand  for  a i/eek  at  room 
temperature,  so  much  difficulty  \^as  ex.ieriencod  in  the  subsequent  hydrolysis 
that  this  otherwise  elegant  synthesis  failed.  Jven  prolonged  treatment  vrith 
48%  hydrobromic  acid  at  the  boiling  point  failed  to  hydrolyse  the  adduct 
completely,  and  dark  colored  tars  \;hich  smelled  of  formaldehyde  vrere  invariably 
produced. 

Treatment  of  4-bromobutylamine  hydrobromide  v;ith  benzenesulfonyl 

chloride  and  aqueous  sodivim  hydroxide  under  the  conditions  of  the  Hinsberg 

test  gave  N-benzenesulfonylpyrrolidine.  Cyolization  presxamably  occurred 

before  the  substitution  with  benzenesxilfonyl  chloride  since  4-bromobutylar.iine 

1 6 

in  the  free  state  has  a half-life  of  approximately  one  second.  Thus,  the 

Hinsberg  test  failed  as  such  i;hen  applied  to  brorao  butyl  amines,  although 

it  does  yield  useful  derivatives.  The  nickel  tests  for  distinguishing  among 

20 

primary,  secondary,  and  tertiaiy  amines  were  also  misleading  when  applied 
to  brorao  butyl  amines.  The  nickel  test  for  prii.arj''  amines  dei:jend3  upon  the 
fact  that  primary  amines  react  instantly  .dth  an  aqueous  triethanolamine 
solution  of  nickel  chloride  and  5-nit rosalicylaldehyde  to  give  insoluble 
complexes  (Vl).  Secondary  amines,  but  not  prixiiary  or  tertiary  aiiiines,  react 
instantly  with  an  aqueous  ammoniacal  solution  of  nickel  cliloride  saturated 
with  carbon  disulfide  to  give  insoluble  nickel  dithiocarbaraates  (VIl). 

S S 
Hal'jisMiSCNRa 

VII 

20 

and  reliable,  but  since  the  test  media 
conclusive  results  with  broi.io  aiaines. 


R R 


These  tests  are  considered  general 
were  alkaline,  they  failed  to  give 
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(Furthermore,  as  will  be  seen,  these  tests  sometimes  failed  with  geminally 
alkylated  amines.)  Thus,  4-bromobutylamine  hydrobromide  gave  an  instantaneous 
test  for  a primary  amine  and  a slow  (one  hour)  test  for  a secondary  amine. 

4-Bromo-1 , 1-dimethylbutylamine  hydrobrcaid.de  (X)  was  successfully  pre- 
pared by  the  sequence: 

CHz^CHCOsCHa  02NC(CH3  )2CH2CH2C02CH3 

VIII 

VIII  H0CH2CK2^H2C(CH3)2i'IH2 

DC 

DC  BrCH2CH2CH2C(CH3)2NH2*HBr 

X 

The  amino  alcohol  (IX)  gave  anomalous  negative  tests  with  both  nickel 
reagents.  The  Hinsberg  test  gave  both  the  expected  product  (Xl)  and  also 
N-benzenesulfonyl-2,2-dimethylpyrrolidine  (XIl). 

C6H5S02NHC(CH3)2CH2CH2CH20H  HgC  — CH2 

HgC  C(CH3)2 
I 

SO2C5H5 

XI  XII 

The  cyclic  derivative  (XIl)  most  likely  arose  by  cyclization  of  /4-benzene- 
sulfonamido-4,4-dimethylbutyl  benzenesulfonate  (Xl-benzenesulfonate) . It  is 
well  knovm  that  alkyl  toluene sulfonates  are  as  reactive  as  alkyl  bromides  in 
displacement  reactions. 

4-Bromo-1 , 1-dimethylbutylamine  hydrobromide  gave  a negative  primary 
amine  test  and  a slow  positive  secondary  amine  test  with  the  nickel  reagents. 
The  Hinsberg  reaction  gave  N-benzenesulfonyl-2,2-dimethylpyrrolidine  (XIl) 
identical  with  that  from  4-hydroxy-l , 1-dimethylbutylamine  (IX).  although 
this  bromo  amine  salt  was  stable  in  the  solid  state  and  when  dissolved  in 
non-hydroxylic  solvents,  some  cyclization  with  concomitant  loss  of  hydrogen 
bromide  occurred  in  aqueous  solution.  Thus,  the  pH  of  a 0.02  M solution 
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dropped  from  4*6  to  3*0  over  a period  of  two  days.  This  corresponded  to 
about  5)o  reaction.  Since  4'-bromobutylamine  hydrobromide  was  stable  in 
aqueous  solution, the  "geminal  allorl  effect"  was  established  in  this  series 
of  bromo  amines. 

The  structure  of  4-bromo-1 , l-dimethylbutylamine  hydrobromide  (x) 

was  established  as  correct  by  comparison  of  the  melting  points  of  several 

derivatives  of  the  cyclized  product,  2,2-dimethylpyrrolidine  (ZIIl),  ;vith 

literature  values.  The  N-n-butyl  derivative  (XIV)  has  been  reported  by 
22 

Elderfield,  and  the  picrate  and  2, 4-dinit rophenylurea  where  R is 

2.'^ 

2, 4-dinitro phenyl)  have  been  reported  by  Buckley  and  llliott.  ^ 


„ NaOH  . CH2  n-Cx,H2Br  . CH2 

^ ^ H2C  CCCHa) ' 


XIII 


^3 /Z 


UzC  C(CH3)2 
N 
I 

C2|.riQ 
XIV 


.HBr 


XIII  + RI'lHCONHNOa 


H2C  — CH2 

I I 


H2C  C(CH3)2  ^«aO^H20 


CONHR 

XV 


another  scheme  for  the  structure  proof  was  based  upon  a free  radical  cycliza- 

2/j. 

tion  reaction  of  N-bromobutylamine  derivatives  discovered  by  Coleman, 


CH3CH2CH2C(CH3)2NH2 

XVI 


■4  CH3CH2CH2C(CH3)2NHb02C6H5 

X\I11  / Brp 


H2C  — GH2 

i i 

H2C  C(CH3)2 
SO2C5H5 


i CH3GH2CH2C(CH3)2NBrS02C6H5 

XVIII 


The  tertiary  carbinamine  (XVl)  gave  a benzene  sulfonamide  (XVIl)  v/hich- v/as 
found  to  be  insoluble  in  both  aqueous  sodium  and  potassium  hydroxide  solu- 
tions, even  above  the  melting  point  of  the  benzenesulfonamide . The  lower 
homolog,  N-t-butylbenzenesulfonainide,  was  freely  soluble  in  cold  aqueous  base. 


Thus  a definite  limitation  to  the  Hinsberg  classification  test  v/as  demon- 
strated. Brcmination  of  the  benzenesulfonamide  XVII  was  attempted  in  the 
presence  of  bases  such  as  sodium  acetate,  sodium  hydroxide,  and  potassium 
t-butoxide.  In  none  of  the  cases  was  the  W-bromo  derivative  (XVIII)  isolated. 
The  reaction  mixtures  v/ere  directly  exposed  to  sunlight  to  effect  ring 
closure.  The  starting  material  v;as  isolated  in  each  case.  That  the  N-bromo 
compound  XVIII  ever  existed  may  be  questioned. 

The  fcl'.loid.ng  method  v/as  successfully  used  for  the  prejjaration  of 
4-ethoxy-l , 1 -dimethylbutylamine  (XX),  a precursor  of  4-bromo-l , 1 -dimethyl- 
butylamine  l^ydrobromide  (X) . 


CzHsOCHaCHaCHaBr  t-  CH3COCH3  C2H50CH2CH2CH2(CH3  )20H 


XIX 


NaCN 

H2SO4 


C2Hs0CH2GH2CH2(CH3)2NH2  C2H30CH2CH2CH2CH2(CH3)2NHCH0 


XX 


Since  the  ether  group  of  the  amine  (XX)  must  be  subsequently  replaced  by 
bromine  to  form  the  required  bromo  amine  salt  (X),  it  would  be  desirable  to 
use  phenoxypropyl  bromide  in  the  first  step  because  of  the  case  of  cleavage 
of  phenyl  alkyl  ethers  with  hydrobroraic  acid.  Hov/ever,  it  v/as  found  in  the 
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literature  and  confirmed  in  the  laboratory  that  the  Grignard  reagent  from 
phenoxypropyl  bromide  decomposes  as  formed,  giving  phenoxide  ion  and  cyclo- 
propane. In  contrast,  the  Grignard  reagent  from  ethoxypropyl  bromide  was 
found  to  be  stable.  Steps  two  and  three  represent  an  extension  of  the 
excellent  Ritter  and  Kalish  method  for  the  conversion  of  tertiary  carbincls 
to  tertiary  carbinamines  by  "Sj^l  cyanolysis."  The  yield  of  557^  was 
unusually  low  for  this  method  and  was  probably  due  to  hydrolysis  of  the 
ethoxy  group  in  the  highly  acidic  medium.  The  application  of  classifica- 
tion tests  to  the  etiioxy  amine  (}CX)  were  misleading,  since  the  Hinsberg 
test  indicated  a secondary  amine  and  the  nickel  tests  for  both  primary  and 
secondary  amines  were  negative.  This  behavior  is  identical  to  that  of  the 
desethoxy  analog,  1 , 1-dime thy Ibutyl  amine  (XVl),  as  previously  described. 
The  structure  of  the  etlhoxy  amine  (XX)  was  indeed  correct,  hov/ever,  since 
cleavage  v/ith  hydriodic  acid  and  subsequent  treatment  v/ith  benzenesulfonyl 
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chloride  and  aqueous  sodium  hydroxide  produced  N-benzenesulfonyl-2,2-diraethyl- 

pyrrolidine,  identical  with  authentic  material  (XII). 

It  was  adjudged  of  interest  to  attempt  the  conversion  of  the  ethoxy 

alcohol  (XIX)  to  the  ethoxy  amine  (XX)  by  the  one  other  satisfactory  method 

27 

for  preparing  tertiary  carbinamines  from  tertiary  carbinols; 

C2H50CH2CH2CH2C(CH3  )20H  C2HsOCH2CH2CH2C(CH3  )2C1 

XIX  XXI 


iifi. 

NH2OCH3 


C2H50CK2CH2CH2C(CH3 )2NH2 


2-Chloro-5-ethoxy-2-nethylpentane  (XXI)  had  been  prepared  previously  by 

treatment  of  5-ethoxy-2-methylpentene-2  with  hydrochloric  acid  and  was 

2S 

reported  to  be  thermally  stable.  Hov/ever,  since  this  compound,  as  pre- 
pared from  hydrochloric  acid  and  the  alcohol  (XIX)  was  found  to  undergo 
excessive  thermal  decomposition  upon  distillation  and  only  a 35yo  yield  v/as 
realized,  the  sequence  was  not  pursued. 

In  principle,  1 , 1 -dimethyl-4 -ethoxybutyl  amine  (XX)  could  be  obtained 
by  the  following  scheme  which  involves  Hofmann  rearrangement  of  the  appropriate 
amide  ( XXIII ): 


C2H50(CK2)3Br  + C6H5C0CH(CH3  )2  — - 


C2H50(CH2)3C(CK3)2C0C6H6 


NaNH? 


C2H50CH2CH2Cil2C(CH3)2C0MH2 


XXIII 


C2H50CH2CH2CI!2(CH3)2NH2 


The  alkylation  of  isobutyrophenone  proceeded  smoothly,  but  subsequent 
cleavage  of  the  ketone  (JXXIl)  gave  a crude  partially  crystalline  product. 
Since  this  could  not  be  purified  easily,  it  was  directly  subjected  to 
rearrangement  conditions.  Only  a trace  of  crude  primaiy  amine,  as  determined 
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by  the  nickel  test,  was  formed  and  could  not  be  the  required  amine  (XX) 

which,  as  we  have  seen,  does  not  give  a primary  amine  test.  The  nfiin 

product  of  the  reaction  \'?as  recovered  starting  material.  It  seemed  that 

the  treatment  with  sodium  hypobromite  merely  served  to  purify  the  crude 

product  from  the  cleavage  of  the  ketone  (XXII ) with  sodamide.  This  cleavage 

product  proved  to  be  3,3>5-trimethylpyrrolidone-2  (XXV),  the  properties  of 

which  were  identical  with  those  reported  by  Haller  and  Bauer  for  authentic 

material  from  the  cleavage  of  allyldimethylacetophenone  with  sodamide  and 
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from  an  independent  synthesis.  These  authors  proposed,  but  did  not  prove, 
that  their  cleavage  proceeded  normally  to  give  2,2-dimethyl-4-pentenamide 
(}ZXIV),  which  then  cyclized  under  the  basic  conditions. 

CH2=CHCH2C(CH3)2C0C6H5  ) CH2=CHCH2C(CH3)2C0NH2  + CeHsNa 

XXIV 

CH2 C(CH3)2 

) CK3CH  CO 

XXV 

In  order  to  establish  the  possibility  that  2,2-diraethyl-4-pentenamide 
(XXIV)  was  an  intermediate  in  this  unusual  reaction,  it  was  prepared  from 
the  corresponding  nitrile  (X>n/l),  vmich  ^i/as  available  by  alkylation  of  iso- 
butyronitrile  with  allyl  chloride  in  the  presence  of  lithium  diethylamide 

30 

according  to  the  procedure  of  Ziegler, 

CH2  = CHCH2CI  + HC(CH3)2CN  ■ — ) CH2=CHCH2C(CH3)2CN 

:ovi 

CH2=CHCH2C(CH3)2C0NH2 

XXIV 

Indeed,  it  was  found  that  the  amide  (JOCIV)  was  converted  smoothly  to  the 
pyrrolidone  (XXV)  upon  boiling  in  a toluene  suspension  of  sodamide. 

The  addition  of  bases  to  olefins  (excluding  Michael  additions)  is  a 
relatively  unknown  phenomenon.  There  are  a few  examples  of  addition  of  bases 

to  double  bonds  activated  by  aromatic  rings,  such  as  the  addition  of  Grignard 

31  32 

reagents  to  fulvenes  and  the  addition  of  potassium  amide  to  styrene. 

Apparently,  the  only  recorded  case  of  the  addition  of  a base  to  an  unactivated 
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olefin  was  reported  by  Bartlett,  who  succeeded  in  adding  isopropyllithium 
33 

to  ethylene.  In  the  light  of  these  examples,  it  is  seen  that  the 
cyclization  of  the  comparatively  weakly  basic  anion  of  2,2-din\ethyl-4- 
penteneamide  is  completely  unprecedented.  Since  the  concentration  of  active 
hydrogen  in  a boiling  toluene  suspension  of  sodamide  is  rather  lov/,  it  would 
seem  that  the  overall  reaction  must  preliminarily  involve  the  energetically 
prohibitive  generation  of  a carbanion  from  the  anion  of  an  acylamide,  unless 
a transition  state  of  the  fcllov/ing  nature  obtains. 


R 

ryN:  (-) 
H 1 
R^C 


R 


:il  (-) 


In  order  to  remove  the  objection  that  ammonia  amide  ion,  or  even  toluene, 
can  furnish  protons,  the  cyclization  t\ras  carried  out  with  sodium  hydride  in 
Skellysolve  E and  fo\ind  to  be  quite  facile.  Furthermore,  N-benzyl-2,2- 
dimethyl~4-pentenamide,  the  ion  of  vtiich  lacks  the  N-H  bond,  was  inert  under 
the  same  conditions  and  could  be  recovered  unchanged.  This  gives  further 
support  to  the  proposed  mechanism. 

Returning  again  to  the  formation  of  3,3,5-trimethylpyrrolidone-2 
(XXV)  from  the  sodamide  treatment  of  5-ethoxy-2,2-dijnethylvalerophenone  (XXIl), 
it  v/as  reasonable  to  assume  that  the  reaction  took  the  following  course. 


HgC 0(0113)2 

C2  H5O  I I 


H2C-CH2  00 
/ 

0 


mi 


H2O 0(0113) 


CzHsQj- 


•3  /2 


C^O" 


HgC-CH 

H 0 KH2 
XXVII 


x:{vii > OfiHe  + O2H5O  + x}:iv  — > xxv 

The  transition  suate  XXVII,  giving  rise  to  E2  ether  cleavage  of  the  ethoxy 
ketone  (XXIl)  and  formation  of  2,2— aimelhyl-4-penteneamide  (XXIV),  was 

O i 

favored  by  l/instein'^  as  being  more  likely  than  an  alternate  scheme  ivhereby 

the  n''gative  exj^gen  initiated  the  ether  cleavage. 

II2O die  2 

^ I I 

Et0-CH2-CH  C-NH? 

'O' 
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Many  examples  are  knovm  of  ether  cleavages,  which,  frcm  inspection  of  the 
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products,  must  involve  Sj^2  mechanisms.  Less  frequently  found  are  authentic 
examples  of  the  E2  cleavage  of  unactivated  others,  and  these  have  only  been 
obseirved  under  the  influence  of  organometallic  reagents. 

Apparently,  there  are  no  recorded  examples  of  E2  cleavage  resulting  from  the 
action  of  sodaaiide,  a weaker  base  than  organometallic  reagents.  Accordingly, 
the  cleavage  of  dibutyl  ether  v/ith  sodamide  v/as  attempted.  However,  after 
boiling  a suspension  of  0.25  mole  of  sodamide  in  200  ml.  of  pure  dibutyl 
ether  for  l6  hours,  only  a trace  of  the  cleavage  product,  1 -butene,  was 
formed,  as  deten'.iined  by  treatment  of  the  exit  gases  with  2, 4-dinit  ro  benzene - 
sulfenyl  chloride.  Since  these  conditions  are  appreciably  more  drastic 
than  those  required  for  the  facile  c lea-  age  of  5-ethoxy-1 , 1 -dimethyl valero- 
phenone  with  sodamide,  it  may  be  concluded  that  the  latter  reaction  is  com- 
pletely unprecedented. 

In  concluding  the  study  of  synthetic  routes  leading  to  the  4-bromo- 
1 , 1 -dimethylbutylamine  hydrobromide  skeleton,  the  Beckmann  rearrangement  of 
5-phenoxy-1 , 1 -dimethyl valerophen oxime  \iras  investigated.  It  had  been  reported 
that  pivalophenone  oxime,  a model  compound,  gave  benzonitrile  exclusively 
upon  treatment  v;ith  phosphorus  pentachloride . Hov/ever,  treatment  vdth  a 
solution  of  hydrogen  chloride  in  acetic  acid  v/as  reported  to  give  pival- 
anilide.^*^  In  spite  of  these  discouraging  facts,  pivalophenone  oxime  \as 
prepared  and  subjected  to  rearrangement  under  various  conditions.  Indeed, 
the  rearrangement  with  phosphorus  pentachloride,  even  under  the  mildest 
possible  conditions,  led  to  the  exclusive  formation  of  benzonitrile.  That 
the  rearrangment  v/ith  hydrogen  chloride  in  acetic  acid  gave  pivalanilide  was 
also  confirmed.  It  seemed  likely  that  the  benzenesulfonyl  chloride  method 
of  rearranging  oximes^  might  produce  the  desired  result,  since  the  rearrange- 
ment occurs  in  an  alkaline  environment.  Indeed,  such  v/as  the  case.  The 
rearrangement  was  carried  out  in  the  manner  of  a Plinsberg  reaction.  The 
benzenesvilfonyl  ester  v/as  uivstable  and  rearranged  in  situ,  giving  N-t-butyl- 
benzamide  in  72^  yield.  The  rearrangement  under  tliese  conditions  followed 
tv/o  competing  paths  since  the  odor  of  benzonitrile  was  evident  at  the  end 
of  the  reaction. 

Because  of  the  success  of  the  model  rearrangement,  2,2-dimethyl-5- 
phenoxyvalerophenone  (XaVIII)  v/as  prepared  by  alkylation  of  isobutyrophenone 
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with  phonojtypropyl  bromide  in  boiling  toluene  in  the  presence  of  sodamide. 
Although  1 ,5  equivalents  of  isobutyrophenone  per  equivalent  of  sodamide 
was  used  to  avoid  excessive  basicity  which  v/ould  lead  to  cleavage  and 
cyclization,  the  reaction  was  not  clean  cut,  as  evidenced  by  a product 
boiling  range  of  130°.  The  liquid  ketone  was  not  further  purified  as  such, 
but  was  converted  into  the  oxime.  The  low  overall  yield  (38>»)  nay  be 
attributed  to  the  high  temperature  used  for  alkylation.  Undoubtedly 
extensive  cyclization  took  place.  Beckmann  rearrangement  of  the  oxime  under 
Hinsberg  conditions  produced  an  84%  yield  of  N-benzoyl-1 , l-dimethyl-A-phenoxy- 
butylamine  (xxix). 

C6H50(CH2)3C(CH3)2C0C6Hs ^ oxime 

XXVII 

~"^afe^'^^  C6H50CH2CH2CH2C(CH3)2NHC0C6Hs 

XXIX 

The  amide  proved  extremely  resistant  to  basic  hydrolysis.  After 
treatment  for  6 liours  with  20  equivalents  of  sodium  butoxide  in  reflu:cing 
butanol,  47%  of  the  amide  was  recovered  unchanged.  The  free  amine  was 
obtained  in  25%  yield.  Potassium  hydroxide  in  refluxing  ethylene  glycol 
likev/ise  failed  to  afford  complete  conversion,  giving  only  18>o  of  the  amine. 
Furtherruore,  the  latter  conditions  were  drastic  enough  to  cleave  the  ether 
linkage,  since  phenol  was  detected  in  the  product. 

Acid  hydrolysis,  using  hydrobroinic  acid,  was  attempted  in  the  hope 
that  simultaneous  cleavage  of  the  amide  and  ether  functions  v/ould  lead 
directly  to  the  required  bremo  amine  salt.  However,  the  only  products 
observed  were  phenol,  benzoic  acid,  ammonium  bromide,  and  a neutral  oil 
containing  bromide  and  this  approach  to  the  synthesis  was  abandoned. 

Obviously,  s cission  of  the  C-N  bond  had  occurred,  and  in  order  to 

elucidate  the  nature  of  th.is  reaction,  both  t-butylamine  and  N-t-butylbenzamide 

were  subjected  to  acid  hydrolysis  under  the  same  conditions.  It  was  found 

that  although  the  former  compound  was  ccanpletely  inert  to  scission,  the  latter 

compound  cleaved  readily  to  give  t-butyl  bromide,  benzoic  acid  and  ammonium 

bromide.  The  C-N  bond  is  obviously  weakened  in  t-butyl  benzamide  and  a 

transition  state  such  as  the  follov/ing  one  (where  R is  t-butyl),  which  is/ 

similar 
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to  that  proposed  for  the  alcoholysis  of  t-butyl  esters, seems  feasible. 


R-NH-CCaHs 


Other  examples  of  this  type  of  phenomenon  are  known.  Thus,  M.  S.  Kharasch 
found  that  triphenylcarbinamine  is  705«  cleaved  by  0.05  N aqueous  hydrochloric 
acid  at  100®  in  one  hour  although  t-butylamine , dimethylphsnylcarb inamine, 
and  methyldiphenyl-carbinamine  are  inert  under  '»,he  same  conditions, 
Hickenbottom  observed  that  although  t-butylamine  and  N-n-alkylanilines  are 
unaffected  by  treatment  with  hot  mineral  acids,  N-t-butyl  aniline  is  easily 
hydrolysed.  It  is  now  clear  why  Ritter  and  Kalish‘^°  used  only  basic 
conditions  for  the  hydrolysis  of  the  N-t-alkylfomamides  in  their  elegant 
synthesis  of  t-carbinamines . They  make  no  special  point  of  this  fact,  how- 
ever, and  do  not  mention  the  difficulties  encountered  during  acid  hydrolysis. 

The  excellent  method  of  Ziegler  for  using  lithium  diethylamide  in  the 
30 

alkylation  of  nitriles  successfully  served  as  the  basis  for  the  preparation 
of  members  of  the  2 , 2-dialkyl -4-bromobutylamine  series,  where  R may  be 
methyl,  ethyl,  isopropyl,  phenyl,  or  p-tolyl. 

RzCIlCN  + CeHsOCHgCHaBr  C6H5OCH2CH2CR2CN 


BrCH2CH2CR2CH2NH2-HBr 


CeHsOCHgCHgCRaC 


izNHa 


Diphenylacetonitrile  was  a commercial  product,  but  the  other  di- 
substituted  acetonitriles  were  prepared  from  the  corresponding  amides  by 
dehydration  with  thionyl  chloride.  The  disubstituted  acetamides  were  in  turn 
prepared  from  the  corresponding  disubstituted  acetic  acids  via  the  acid 
chlorides.  These  transformations  vrere  carried  out  by  use  of  a novel  technique 
which  was  developed  for  the  large  scale  conversion  of  an  acid  to  the  corres- 
ponding nitrile  in  yields  of  approximately  ^O'/o  with  a minimum  of  manipulation. 
Although  this  technique  is  described  iii  detail  in  the  experimental  chapter, 
a brief  outline  is  appropriate  here.  A mixture  of  the  acid  and  a K>/(i  excess 
of  thionyl  chloride  was  allov/ed  to  stand  overnight  for  conversion  to  the  acid 
chloride.  The  crude  product  containing  thionyl  chloride  was  taken  up 
directly  in  dry  ether  and  slowly  dripped  into  a solution  of  liquid  ammonia 
and  commercial  tetrahydrofuran  which  v;as  kept  cold  in  a dry-ice  bath. 
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Petroleum  ether  was  added  and  the  slurry  was  filtered  while  still  cold. 

The  precipitated  mixture  of  crude  amide  and  ammonium  chloride  was  dehydrated 
directly  by  covering  with  a solvent  such  as  chloroform  or  ethylene  chloride 
and  adding  a ZQfJo  excess  of  thionyl  chloride.  After  boiling  for  several  hours, 
the  nitrile  was  isolated  in  the  usual  manner.  This  method  was  specifically 
designed  for  acids,  such  as  iaobutyric  acid,  whose  amides  are  so  soluble 
in  water  that  they  cannot  be  prepared  by  the  usual  technique  from  the  acid 
chloride  and  aqueous  ammonia  without  great  losses.  Isobutyric  and  diethyl- 
acetic  acids  were  commercial  products,  but  di-p-tolylacetic  was  prepared 
by  the  unusual  route: 

H,304  , , 

CI3CCHO  + C6H5CH3  (p-CH3Ce,H4)2CHCC0<3 

NaOR 

ROM 

(p-CH3C6h4)2CiiC02H  - (p-CH3C6H4)2C=C(0R)2 

This  roundabout  method  was  used  since  the  proposed  reaction  of  the  D.D.T. 
analog  (XXX)  with  sodamide  to  give  the  nitrile  directly  did  not  work. 
Dehydrohalogenation  occurred  instead.  Diisopropylacetonitrile  was  prepared 
by  a substantial  improvement  of  liarshall's  method. 

CH2(C02C2H5)CN  (i-C3H7)20(C02C2H5)CN 

2 steps 

■■  — > (i-C3H7)CHCN 

Use  of  easily  prepared  sodium  isopropoxide  as  the  alkylation  base  gave  diiso- 
propylcyanoacetic  ester  in  easily  reproducible  yields  of  93^-^  ^rid  the  yield 
would  have  been  higher  if  some  dehydriodination  had  not  occurred.  Marshall, 
using  the  weaker  base,  sodium  ethoxide,  v;as  only  able  to  obtain  a yield  of 
58^u  in  this  step.  Thus,  it  is  now  possible  to  introduce  secondary  alkyl 
groups  into  cyanoacetic  ester  quite  as  easily  as  primary  alkyl  groups  if  a 
base  stronger  than  sodium  ethoxide  is  used.  Upon  slov/ly  distilling  diiso- 
propylcyanoacetic  ester  from  molt«.n  potassium  hydroxide,  smooth  hydrolysis 
and  decarboxylation  ensued,  affording  diisopropylacetonitrile  directly  in 
83yo  yield.  Marshall  conducted  the  hydrolysis  and  decarboxylation  separately 
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in  unstated  overall  yield, 

Returning  to  the  main  sequence  of  reactions  leading  to  the  2,2-dialkyl- 
4-bromobutylamine  hydrobromides,  the  yields  for  alkylation  of  the  disub- 
stituted  acetonitriles  with  pheno3{yethyl  bromide  where  R may  be  methyl,  ethyl, 
isopropyl,  phenyl,  or  p-tolyl,  were  75/a,  25‘;fc,  8?!^,  and  more  than  88ya, 

respectively.  The  decreasing  yields  on  going  from  methyl  to  ethyl  to  iso- 
propyl clearly  indicate  the  effects  of  increasing  steric  hindrance.  In 
fact,  steric  hindrance  is  so  great  in  the  last  case,  as  v;ill  be  discussed 
later,  that  the  isolation  of  any  product  at  all  was  quite  surprising.  There 
is  no  literature  precedent  for  the  preparation  of  trialkylacetonit riles  with 
such  bulky  substituents  by  Ziegler’s  method,  or  any  other  method,  for  that 
matter.  The  yield  of  4-phenoxy-2,2-di-p-tolylbutyronitrile  is  stated  to  be 
greater  than  885i  since  the  nitrile  could  not  be  isolated  at  this  point  and 
the  crude  product  was  reduced  directly  to  give  an  88vj  overall  yield  of  the 
corresponding  amine  in  the  second  step.  Sodamide  may  also  be  used  in  the 
alkylation  step  but  is  not  so  easily  prepared  and  handled  as  is  lithium 
diethylamide  and,  in  adiition,  it  gave  distinctly  lower  yields.  For  example, 
the  alkylation  of  isobutyronitrile  with  phenoxyethyl  bromide,  using  sodamide, 
was  only  59>j,  as  compared  to  885^,  obtained  with  lithium  diethylamide. 

In  the  second  step  of  the  sequence,  reduction  v/as  carried  out  with 
lithium  aluminum  hydride  in  ether  where  R was  methyl,  ethyl,  phenyl,  and 
p-tolyl,  and  afforded  yields  of  81y»,  8O/0,  90/j  and  greater  than  88>j,  respec- 
tively. The  use  of  sodium  with  2-butanol  as  a reducing  agent  was  also  tried 
in  the  cases  where  R was  metliyl  and  phenyl,  './hen  R was  methyl,  the  yield 
was  only  62', 0,  however,  and  when  R was  phenyl,  the  reaction  took  another 
course,  giving  phenyl  3,3-diphenylpropyl  ether  in  91><>  yield  along  with  sodium 
cyanide, 

C6H50CH2CH2C(C6H5)2CN  — CoH5UCH2CH2CH(C6K5)2  + NaCN 
This  type  of  cleavage  is  common  v/ith  nitriles  having  aryl  groups  in  the  alpha 

...  46 

position. 

The  reduction  of  2,2-diisopropyl-4-phenoxybutyronitrile  with  lithium 
aluminum  hydride  in  ether  proceeded  very  slowly  and  incompletely,  in  comparison 
to  the  vigorous  reductions  of  the  other  nitriles.  Furthermore,  the  amine 
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isolated  v/as  not  the  expected  product,  2,2-diisopropyl-4-phenoxybutylamine, 
although  the  anion  (X}0Cl)  of  this  amine  must  have  been  the  proximate  pro- 
duct, since  3^ 3-diisopropylpyr rolidine  was  isolated  in  9^o  yield,  the  starting 
material  being  recovered  in  the  amount  of  85)b 


Cg  H5OCH2  C H2C ( i-Ca  H7 ) 2C  H2N“2 


H2C  — — c(i— C3  87)2 

1 i 

CH2 


+ CeHsO" 


Also,  a trace  of  cyanide  ion  was  detected.  At  the  higher  temperature  of 
boiling  tetrahydrofuranjlithiiun  aluminum  hydride  afforded  26'j3  of  3, 3-diiso- 
propyl pyrrolidine,  while  49>  of  the  starting  material  was  recovered.  No 
cyanide  was  detected  in  this  case.  The  inordinate  instability  of  the  anion 
XXXI  strikingly  demonstrates  the  profound  effect  \;hich  geminal  isopropyl 
groups  must  exert  upon  ring  closures.  Sodium  and  alcohol  v;ere  also  utilized 
in  the  hope  of  effecting  the  reduction,  since  any  anion  of  type  X/CXI  might 
be  expected  to  equilibrate  with  the  alcoholic  solvent  before  ring  closure 
could  occur.  However,  76/a  of  the  starting  material  was  recovered,  1 1^  of  a 
neutral  solid,  C10H23NO2,  v/as  isolated,  cyanide  ion  v?as  detected,  and  only 
a trace  of  basic  material  could  be  obtained.  The  steric  requirements  of 
lithium  aluminum  riydride  are  known  00  be  consiaerabiy  less  than  those  of 
surface  active  catalysts  and  less  than  those  of  the  Ponndorf  reagent  in  the 

tn  to 

reduction  of  sterically  hindered  carbonyl  groups,^' accordingly,  it  v/as 
felt  that  catalytic  hydrogenation  would  effect  the  reduction  slowly,  but 
without  cyclisation,  if  sufficiently  drastic  conditions  were  used.  Of  course, 
if  the  conditions  should  be  too  drastic,  hydrogenation  of  and  hydrogenolysis 
of  the  phenoxy  group  would  occur.  Results  wore  disappointing  as  treatment 
of  the  nitrile  with  Raney  nickel  and  hydrogen  at  100  atmospheres  and  a 
temperature  of  100°  gave  only  a trace  of  basic  material  of  formula  CjoHigN, 
the  starting  material  being  recovered  almost  quantitatively. 

It  was  proposed  that  a 4-alkoxy-2,2-diisopropylbutylaraine  might 
possibly  be  synthesized  if  the  less  easily  displaced  methoxy  group  were 
substituted  for  the  phenoxy  group  in  the  general  sequence  as  previously 
outlined.  Indeed,  such  was  found  to  be  the  case.  2,2-Diisopropyl-4- 
methoxybutyronitrile  was  reduced  to  2, 2-diisopropyl -4-methoxybutylamine  in 
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92%  yield  by  treatment  vdth  lithium  al>jminum.  hydride  in  ether  for  a period 
of  sixteen  hours. 

The  dimethyl  and  diethyl  phenoxyamine s and  the  di-isopropylmethoxyamine 
were  converted  readily  to  the  corresponding  bromoamine  hydrobromides  by  the 
usual  treatment  with  hydrobromic  acid.  But  the  diphenyl  and  ditolyl 
phonoxyamines  reacted  only  sluggishly  and  gave  high  yields  of  the  cyclization 
products.  This  was  indeed  a surprising  phenomenon,  and  no  explanation  has 
yet  been  devised.  Small  amounts  of  impure  bromoamine  hydrobromides  vfere 
eventually  isolated,  in  very  low  yield.  Repetition  of  these  syntheses  using 
the  methoxy  group  rather  than  the  phenoxy  should  enable  the  cleavage  step 
with  hydrobromic  acid  to  be  more  successful,  and  this  could  be  the  reason 
why  no  difficulty  was  experienced  with  the  di-isopropylmethoxyamine. 

All  of  the  2,2-dialkyl-4-bromobutylamine  hydrobromides  in  the  series 
gave  negative  nickel  tests  for  primary  amines  and  positive  tests  for  secondary 
amines.  The  Hinsberg  reaction  gave  the  N-benzenesulfonyl-3, 3-dialkyl- 
pyrrolidines  by  cyclization.  That  these  bromoamine  salts  cyclize  readily 
in  aqueous  solution,  as  does  1 , 1 -dijnethyl-4-bromobutylamine  hydrobromide, 
was  demonstrated  by  the  observation  that  the  pH  of  a 0.01  M solution  of 

2. 2- dimethyl -4-bromobutylamine  hydrobromide  decreased  from  a value  of  4.13 

to  2.93  in  the  span  of  fifteen  hours.  The  bromoamine  salts  may  be  crystallized 
from  chlorinated  hydrocarbons  in  which  they  are  quite  stable,  iui  exception 
is  4-bromo-2,2-diisopropylbutylamine  hydro bromide . Solutions  of  this  salt 
in  carbon  tetrachloride  begin  to  evolve  hydrogen  bromide  visibly  at  50°. 

It  was  necessary  to  prove  the  structures  of  the  compounds  of  the 

2. 2- dialky 1-4-bromobutylamine  liydrobromide  series  to  preclude  the  possibility 
of  rearrangement  in  the  ether  cleavage  step.  The  recorded  melting  point  of 

3. 3- diphenylpyrrolidine  hydrochloride,  a known  compound, checked  that  of 
the  same  compound  as  prepared  via  the  cyclization  of  2 , 2-diphenyl-4-bromo- 
butylamine  hydrobromide.  Furthermore,  N-benzenesulfonyl-3, 3-dimethyl- 
pyrrolidine  (XXXIl),  the  product  of  the  Hinsberg  reaction  with  2,2-dimethyl- 
4-bromobutylamine  hydrobromide,  was  synthesized  unequivocally  by  an  independent 
method  (discussed  belov;).  Finally,  3,3-di-isopropylpyrrolidine  from  the 
cyclization  of  the  corresponding  bromoamine  salt  was  fovind  to  be  identical 
with  material  from  the  reduction  of  2,2-diisopropyl-4-phenoxybutyronitrite 
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HgC C(CH3)2 


OC  CO 
NH 


LiAlHi,. 


HzC 


C(CH3)2 

I 


H2C  CH2 

''nh' 


H2C C(CH3)2 

I I 

H2C  CH2 
SO2C5H5 
XXXII 

Although  lithium  alumim:m  hydride  has  been  used  for  the  reduction  of  N- 
phenylsuccinimide^^  and  lactams^'*^^*^^  to  the  corresponding  cyclic  imines, 
the  reduction  of  N-unsubstituted  succinimides  v/ith  this  reagent  has  not  been 
reported.  It  might  be  expected  that  the  highly  acidic  hydrogen  of  succinimides 
would  interfere  in  the  reduction.  Such  was  not  the  case,  however,  and 
reduction  of  as-dimethylsuccinimide  afforded  3,3-dimethylpyrrolidine  in 
8O/0  yield.  Since  lactams  have  been  reduced  vd-th  sodium  and  alcohol,  this 
method  was  also  tried  on  as-dimethylsuccinimide.  However,  with  ten  gram 
atoms  of  sodium  per  mole,  only  a trace  of  lov/  boiling  basic  material  could 
be  isolated,  which,  since  it  failed  to  give  positive  nickel  tests  for  either 
primaiy  or  secondary  amines,  could  not  have  been  2,2-dimethylpyrrolidine 
which  gives  a strongly  positive  secondary  amine  test.  The  attempted  step- 
wise reduction  of  as-dlmethylsuccinimide  with  four  gram  atoms  of  sodium 
per  mole  gave  only  a neutral  high-melting  bimolecular  reduction  product. 

It  was  also  desired  to  prepare  4,4-dimethylpyrrolidone-2  for 
the  purpose  of  reduction  to  3>3-dimethylpyrrolidine,  since  this  lactam  is 

available  in  35>‘>  yield  from  3>3-dimethylglutaric  anhydride  by  a Hofmann 

53 

rearrangement  of  the  corresponding  glutaramic  acid.  However,  an  attempted 
duplication  of  this  work  gave  only  a negligible  yield  of  the  pyrrolidone, 
which  was  found  to  be  so  highly  soluble  in  all  solvents  that  purification  was 
impossible . 

The  basic  skeleton  of  4-bromo-2,2-dimethylbutylamine  hydrobromide 
could,  in  principle,  be  obtained  alternatively  by  Michael  addition  of  the 
elements  of  hydrogen  cyanide  or  nitroraethane  to  ethyl  3-nietliyl-2-butenoate. 
Unfortunately,  these  additions  failed  to  take  place,  possibly  because  of  the 


GgH5S02Cl 


i' 
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unfavorable  steric  and  inductive  effects  of  the  raethj'’!  groups.  If  the  double 
bond  was  doubly  activated,  ho\;ever,  addition  of  nitroraethane  occurred 
readily . 

CH3NO2  + (CH3)2C=C(CN)C02C2H5 02NCll2C(CH3)2CH(CN)C02C2H5- 

yX’CIII 

Acidic  and  basic  hydrolyses  of  the  nitro  ester  XX/illl  were  attempted, , but 
it  was  not  possible  to  isolate  any  of  the  desired  3-dimethyl -4-nitrobutanoic 
acid.  The  alkaline  hydrolysis  yielded  tar,  which  can  be  explained  by  the 
fact  that  alkaline  treatment  of  primary  nitroalkanes  is  known  to  yield 
trimeric  condensation  products, among  other  things.  Acid  hydrolysis  and 
decarboxylation  produced  large  quantities  of  cxmmonium  carbonate  and  a small 
quantity  of  as-dimethylsuccinic  acid,  acid  treatment  of  primary  nitroalkanes 
is  knovm  to  induce  oxidation  of  the  nitro-bearing  carbon  atom  giving 
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hydroxylaraine  or  airononia  and  an  acid  having  the  same  number  of  carbon  atoms. 
AS-dimcthylsuccinic  acid  would  be  the  expected  product  of  such  a reaction. 

Another  conceivable  route  for  establishing  the  basic  skeleton  of 
4-bromo-2,2-dimetl'iylbutylamine  hydrobroraide  v/ould  involve  the  Hofmann 
rearrangement  of  3>3-dimethylglutaramic  acid  (XXXIV). 

HH2COCH2C(CH3)2CK2C02H  c§^oi;[a ^ H3COC0NHCH2C(CH3)2CH2C02Na 

x:l":iv  xx:cv 

The  urethane  XliAV  v/as  produced  in  lov;  yield  along  with  large  quantities  of 
3,3-diraethylglutariraide  v/hich  was  formed  by  cyclization  of  the  starting 
material  in  the  basic  medium.  The  Hofmann  rearrangement  of  methyl  3,3- 
dinethylglutaramate  (XXXIV  methyl  ester)  again  produced  3j3-dimethylglutariraide 
along  with  a neutral  solid  of  empirical  formula  C7H902i'5Br2  or  C8H)]04NBr2. 

No  urethane  v/as  isolated,  along  the  same  line  of  thought,  since  the  Curtius 
degradation  could  be  used  with  anhydrides,  as  well  as  with  acid  chlorides, 
the  reaction  of  sodium  azide  with  3>3-dimethylglutaric  anhydride  was  tried 
but  it  gave  only  a negligible  quantity  of  a crude  product  which  was  not 
further  v/orked  up. 

/i.-Bromo-3 . 3-dimethylbutylamine  hydrobromide  (:\}L>IIX)  was  prepared  by  a 
rather  novel  method  which  expressly  depended  upon  the  fact  that  neopentyl 
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halides  are  hindered  with  respect  to  displacement  of  halogen  by  intermolecular 
attack.  The  glycol,  2,2-diniethylbutanediol-l ,2  was  converted  to  the  dibromide, 
and  the  more  reactive  bromine  replaced  by  an  amino  group  via  the  Gabriel 
synthesis. 

H2C — C(CH3)2 

' ' LiAlfk 

OC^  CO  ^ }DCH2C(.CH3)2CH2CH20H 

t 

.'LL'CVI  1 PBr3 

t 

DrCH2C(CH3)2CH2CH2(Phth.)  BrCH2C(CH3  )2CH2c'pi2Br 

HBr  x:aviii 

BrCH2C  (CH3  )2CH2CH2KH2  * HBr 

(where  Phth.  refers  to  phthalimide) 

The  only  unsatisfactory  step  vras  the  second  one.  Repeated  attempts  to 

convert  2,2-dlmethylbutanediol-l ,4  (:{XXVl)  to  1 ,4-dibromo-2,2-dimethylbutane 

(Xi'LXVIl)  vdth  phosphorus  tribromide  and  pyridine  under  various  conditions 

gave  consistent  yields  of  around  IQ/j.  Reaction  of  the  dibromide  v.dth  potassium 

phthalimide  gave  l-bromo-2, 2-dimethyl -4-pht!ialimidobutane  (XXl'.VIIl)  in  a 

yield  of  30^.  The  Gabriel  synthesis  was  carried  out  in  dimethylformamide, 

an  excellent  solvent  which  allows  the  reaction  to  proceed  at  a low  temperature 
57 

in  high  yield, 

4-Bromo-3,3-dimethylbutylamine  hydrobromide  (XXXIX)  gave  a positive 
nickel  test  for  a primary  amine  and  a slowly  developing  secondary  amine 
test.  Cyclization  v;as  instantaneous  in  aqueous  sodium  hydroxide  and  treat- 
ment with  benzene  sulfonyl  chloride  gave  N-benzenesulfonyl-3,3-diraethyl- 
pyrrolidine  identical  to  that  derived  from  4-bromo-2, 2-dimethyl but ylanine 
hydrobromide.  Thus  the  structures  of  4-bromo-3,3-dimethylbutylamine  hydro- 
bromide and  its  precursors  v;ere  unequivocally  established.  That  cyclization 
should  occur  rapidly  in  base  is  due  to  the  fact  that,  although  the  neopentyl- 
type  bromide  is  hindered  with  respect  to  intermolecular  displacement,  the 
molecular  structure  is  such  that  intramolecular  displacement  may  occur 
readily.  This  point  is  nicely  shown  by  examination  of  molecular  models. 

The  following  alternative  sequence  for  the  preparation  of  4-bromo-3,3- 
dimethylbutylamine  hydrobromide  (XXXIX)  may  have  been  successful  on  a small 
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scale  according  to  indii'ect  evidence. 

, , CH3IIO2 

HOCH2C(CH3)2CHO  KOCH2C(CH3)2CHOHCH2N02 

:a  iCLi  I (CH3  00)20 

H0CH2C(CH3)2CH2CH2l'iH2  ~ CH3C02CH2C(CH3  )2CH=CH!02 

SOBrz  -J.TTT  XLII 

BrCH2C(0il3  )2CK2CH2i*H2  • HBr 

The  addition  of  nitromethane  to  hydroxypivalaldehyde  (i^L)  using  diothylamine 
or  sodium  methoxide  as  a catalyst  xinder  a variety  of  conditions  gave 
completely  unreproducible  yields  of  the  nitro  glycol  XLI  in  the  range  0-66>a. 
It  was  impossible  to  pxirify  this  material  which  distilled  over  a range  of 
100°.  Furthermore,  since  it  v;as  difficult  to  remove  all  traces  of  catalyst 
from  the  nitroglycol  because  of  its  solubility  properties,  the  distillation 
was  quite  hazardous,  im  attempt  to  avoid  this  difficulty  by  substituting 
acetoxypivalaldehyde  (ii  acetate)  v/as  not  practical,  since  tiie  corresponding 
product,  from  v/hich  the  catalyst  can  be  removed  easily  by  washing  with  v;ater, 
was  obtained  in  very  lov/  yield. 

4-Hydroxy-3,3-dimothylbutylamine  (^CLIIl)  differed  from  the  iscaner 
4-hydroxy-l , 1 -dimethylbutylar.dne  (I'/O  in  tliat  the  Kinsberg  reaction  gave 
only  a base-soluble  oil,  H0CH2C(CH3 )2CH2Cl-l2KHS02C6H5 , v/hich,  upon  treatment 
v/ith  benzenesulfonyl  chloride  and  triethylaraine,  formed  M-benzenesulfonyl- 

3.3- dimethyIpyrrolidine,  identical  with  authentic  material,  '..ben  4-hydroxy- 

3.3- dimethylbutylarriine  (XLIIl)  \/as  treated  with  thionyl  bromide,  a small 
quantity  of  gummy  material  \;as  obtained  v;hich  gave  a trace  of  H-benzene- 
sulfonyl-3,3-dinethylpyrrolidine  under  Hinsberg  conditions.  This  is  not 
conclusive  proof  that  the  brono  amine  salt  ilblX  v/as  forr.ied,  since  the 
sulfonamide,  only  a trace  of  which  x;as  isolated,  may  have  arisen  from 
4-hydroxy-3, 3-<iiJiiethylbutylanine . 

Some  comments  on  the  peculiar  prop>erties  of  acetoxypivalaldehyde 
(XL  acetate)  are  iri  order  at  this  point.  The  material  decomposed  extensively 
by  several  paths  upon  distillation  at  atmospheric  pressure.  The  identified 
products  v/ere  formaldehyde,  isobutyl  acetate  ana  a colorless  high  boiling 
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residue  which  may  be  the  kno\7n  dimer.  liven  upon  vacuum  distillation 
decomposition  occurred,  but  to  a lesser  extent.  The  distilled  material 
effervesced  for  days,  evolvin;;,  an  odorless  i^as,  v/hich  v;as  presumably  carbon 
monoxide.  Distillation  of  acetoxypivalaldeliyde  in  the  presence  of  a trace 
of  toluenesulfonic  acid  gave  rise  to  still  another  mode  of  decomposition, 
since  an  unsaturated  gas,  perhaps  isobutene,  could  be  detected.  This  unusual 
behavior  is  in  direct  contrast  to  that  of  hydroxypivalaldehyde,  vMch  can  be 
distilled  v/ith  essentially  no  decomposition  unless  a trace  of  base  is 
present,  in  which  case  formaldehyde  and  i sobutyraldehycie  are  foxTned  by  a 
reverse  aldol  condendation. 

The  following  transformations  represent  an  alternate  sj'-nthesis  of 
4-hydroxy-3, 3-dimethylbutylamine  (XLIIl) . 


HaC— C(CH3)2 

I I 

OC  CO 


NH-, 


H2l.JCCH2CiCH3)2C02NH4 

..a.  IV 


LiAlH:,. 


H2HCHaCH2C(CK3)2CH20H 


XLIII 


Reduction  of  the  an.ionium.  salt  'CLIV  proceeded  \dth  difficulty  because  of 
poor  solubility  in  boiling  tetrahydrofuran  and  gave  only  a yield  of  amino 
alcohol.  Treatment  of  the  amino  alcohol  '.;ith  boiling  hydrobromic  acid  gave 
27/j  of  a crystalline  salt  and  a large  quantity  of  intractiblc  gum.  The 
crystalline  solid  ./as  sho\/n  to  be  4-bi'ono-2,2-dir.iotliylbutylamine  hydrobromide 
by  comparison  of  the  melting  point  and  X-ray  powder  diagrai.i  with  those  of 
authentic  u.aterial  and  by  fora.ation  of  N-benzcnesulfonyl-3,3-pyrrolidine  v/ith 
benzenesulfonyl  chloride  and  aqueous  sodiu/n  liyaroxide.  That  4-bromo-2,2- 
dLmethyibutylamine  hydrobromide  was  produced  in  such  quantity  was  unexpected 
and  indeed  surprising,  since  it  must  have  arisen  from  an  abnormal  opening 
of  as-dimethylsuccinic  anhydride.  This  abnormal  opening  is  not  consonant 
v/ith  either  steric  or  inductive  efi'ects.  The  isomeric  as-dimethylsuccinamic 
acids  were  isolated  in  the  free  state  but  losses  v/ere  great  due  to  facile 
cyclization  giving  as-diracthylsuccinimide. 

Phenylhydrazine,  a much  larger  molecule  than  aiiimonia,  opened  as -dimethyl  - 
succinic  anhydride  to  give  a homogeneous  product,  but  treatment  v/ith  lithiura 
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aluminum  hydride  failed  to  convert  this  product  to  4-hydroxy-3,3-dimethyl- 
butylamine  in  spite  of  the  fact  that  lithium  aluminum  hydride  is 

knovm  to  effect  hydrogenolysis  of  N-M  bonds. 

Transformations  XL  to  iCLVII  represent  another  alternative  scheme  for 
establishing  the  skeleton  of  4-hydroxy-3,3-dimethylbutylamine  and 

are  based  upon  an  observation  by  Hartung  that  esters  of  cyanohydrins  undergo 
facile  hydrogenolysis  at  room  temperature  and  under  dijninished  pressure  of 
hydrogen  to  give  nitriles. 

H0CH2C(CH3)2CH0  --->  H0CH2C(CH3)2CH(0H)CW 

:a  XLV  I (ch3C0)c 

CH3C02CH2C(CH3)2CH2Cl'i  CH3C02CH2C(CH3  )2CH(02CCH3  )CN 

XLVII  XLVI 

98 

Hov/ever,  the  acetate  (}CLVI)  of  the  knoxvn  cyanohydi'in  XLV'  failed  to  take 
up  hydrogen  at  one  atmosphere.  Kore  drastic  conditions  were  not  attempted. 
Still  another  alternative  scheme,  represented  by  transformations  aLVIII 
to  L,  was  attempted  in  the  hope  of  establishing  the  4-bromo-3,3-<iimethyl- 
butylamine  skeleton. 

HuCH2C(Cil3)2CH20H  H0CH2C(CH3)2Ch20Ts 

XLIX 

• > H0CH2C(CH3)2CH20i! 

L 

although  1 ,3-dibromo-2,2-dimethylpropane  (XLVIII  dibromide)  does  undergo 
displacement  reactions,  forcing  is  usually  required.  ^ It  was  found  that 
the  monotosylate  (XLIX)  had  not  reacted  with  potassium  cyanide  after  fourteen 
hours  in  boilirg  ethanol.  Forcing  was  not  tried  since  dirasthyltrLmethylene 
oxide  would  undoubtedly  have  been  formed  from  the  monotosylate  (XLIX)  under 
the  basic  conditions.  In  an  attempt  to  avoid  this  possibility,  3-niethoxy- 
2,2-dimethylpropanyl-l  p-toluenesulion^te  (aLL(  methyl  ether)  was  prepared 
and  successfully  subjected  to  forcing  conditions  v/ith  potassium  cyanide. 
Reduction  of  the  nitrile  so  produced  (Ll)  afforded  4-mcthoxy-3,3-dimethyl- 
butylamine  (LIl) 


CH30CH2C(CH3)2CH2CN 


CH30CH2C(CH3)2CH2CH2NH2 


LI 


LII 


Treatment  of  the  metho:cy  amine  (LIl)  i/ith  boiling  hydrobromic  acid  failed 
to  cleave  the  other.  Further  treatment  uith  hydrogen  bromide  in  acetic 
acid  did  cleave  the  ether,  but  gave  only  rearranged  products  of  an  undetermined 
nature . 

The  last  alternative  synthesis  of  the  4-hydrox5'’-3,3-diraethylbutylarnine 
skeleton  which  vms  attempted  v;as  based  upon  the  fact  that  ethyl  isobutyrate 
may  be  alkylated  ’.;ith  etlTj'!  alpha-broaoisobutyrate  in  the  presence  of 
triphenylmethylsodium  to  give  diethyl  tetrai.iethyl  succinate. Since 
acetonitrile  is  considerably  less  hindered  than  ethyl  isobutyrate,  one  might 
expect  that  it  could  easily  be  alkylated  v/ith  methyl  alpha -bromoisobutyrate . 


LiCH2CN  + BrC(CH3)2C02CH3  ^ NCCH2C(CH3  )2C02CH2 

Disappointingly,  the  sole  isolab?.e  products  were  a trace  of  neutral  solid 
of  empirical  fomula  C4H6NO3  and  considerable  quantities  of  tar. 


ft. 


B.  Kinetic  aspects  of  the  investigation. 


The  mechanism  of  tiie  cyclization  reaction  of  the  4-bromobutylamine 
hydrobranides  may  be  set  up  on  the  basis  of  a fast  equilibrium  with  the  free 
amine  followed  by  the  slow  step  in  \/hich  the  amino  group  engages  C4  on  the 
side  opposite  to  the  bromine,  v/hich  v/hen  expelled  leaves  the  positive 
pyrrolidiniura  ion.  This  may  be  formulated  as: 


+ k j 4 

aH  a + H 

i<3  + 

A PH  + Br 


PH 


P + H 


The  rate  of  formation  of  Dr  is 


dBr 

dt 


ksa 


(1) 

(2) 

(3) 


(4) 
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To  obtain  a as  a function  of  Br”,  the  steady  state  convention  is  employed,  or 


dA 

dt 

■ 0 - kjAH"^  - 

• k2A*H"^ 

•*  k3  A 

(5) 

The  stoichiometry  of  the  r 

‘eaction 

AH^  = aH^  + 

A + PH"" 

+ P 

(6) 

Br  - Br©  = 

^ ph"’  + 1 

p 

(7) 

gives  by  substituting  (?) 

in  (6),  and 

solving 

for  aH^  gives  (8) 

aH^  “ AHq  - A 

- Br”  + 

Bro 

(3) 

which,  substitued  in  turn 

into  (5),  gives  (9) 

« 

kj + Bro  - Br~) 
k,  + + k3 


(9) 


Substituting  (9)  into  (4)  and  rearranging  gives  (10) 

dBr~ k)k3 


aHq  + Bro  - Br  kj  + k^H  + k3 


■dt 


(10) 


Assuming  that  the  hydrogen  ion  concentration  could  be  held  constant,  and 
integrating  betAveen  the  limits  Bro  to  Br”  for  0 to  t,  gives  (n). 

k,k3^  _ ^>303  aHq 

^exp.  “ k,  + kal-i"  + ki  " t + Bro  - Br”  ^ 


If  there  is  no  other  source  of  bromide  ion,  then  aHq  = Br^  and  Br«  at  the 
completion  of  the  reaction  (infinite  time)  is  tidce  Br^,  or 

Brp  ^ Br^,  - Brp  ^^2 

aHq  + Bro  ” 13r”  2Bro  - Br”  Broo  - Br 


Also,  since 


then 


03) 


04) 


or  the  concentration  of  bromide  ion  at  any  time  is  determined  by  a constant 
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(the  ratio  of  the  normality  of  the  potassium  thiocyanate  solution  used  as 
the  titrant  to  the  volume  of  the  pipet  used  for  \;ithdrawing  samples  from  the 
reaction  mixture)  times  the  volume  of  titrant  solution  used.  Droppi.ig  the 
K;CN  in  the  subscript,  and  substituting  (14)  in  (12),  and  (12)  in  (ll),  gives 


exp. 


t \ 


(15) 


which  is  the  equation  used  to  calculate  k 

^ exp. 

Before  any  runs  v/ere  madej  it  ivas  recognized  that  extensive  buffering 
v/ould  be  necessary  since  v/ith  an  initial  concentration  of  amine  salt  of  about 
0,01  M,  enough  hydrobromic  acid  v/ould  be  liberated  during  the  reaction  to 
lov/er  the  pH  to  2.  Rough  estirsites  indicated  that  an  acetate  buffer,  1 H in 
each  component,  salt  and  acid,  would  be  required  to  hold  the  concentration  of 
hydrogen  ion  constant  enough  to  avoid  a change  greater  than  lv<>  in  the  rates 
for  the  start  and  finish  of  the  reaction.  Using  the  dimethylbromoamine 
(see  Table  l),  the  effect  of  changing  ionic  strengtli,  buffer  capacity,  and 
buffer  ratio  was  investigated. 

Comparison  of  Runs  1 and  7 (k  = 2.04;  2.04  x 10~^)  illustrates 

the  excellent  reproducibility  of  the  system,  '.'ith  the  addition  of  inert 
salt,  potassiujiv  nitrate,  as  in  Run  3 (k  = 2.03  x 10”^)  v/ith  sodium  acetate 

* 0Xjp  • 

at  1 M,  no  effe  v/as  noted.  Hov;ever,  by  maintaining  a constant  buffer  ratio 
of  1,  and  using  potassium  nitrate  to  maintain  the  salt  strength  at  IM, 
comparison  of  Runs  7,  6,  and  9 shows  that  k decreases  steadily  (k  = 
1.04;  1.80;  1.71  X 10~^)  as  the  buffer  concentration  decreases.  At  first 
glance,  this  appears  to  be  a mild  Brbnsted  general  acid  or  base  catalytic 
effect.  But  removal  of  the  inert  salt,  compare  Huns  9 and  11  (k  . = I.7I; 

2,10  X 10”^),  allov/s  the  rate  constant  to  increase.  The  maintenance  of 
constant  salt  strength,  a buffer  ratio  of  1/2  for  CH3G00Ma/CH3C00H,  but 
decreasing  buffer  concentration  again  causes  a decrease  in  k as  shov/n  by 
Huns  2 and  10  (k  = 0.963;  0.878  x 10  ^).  also  these  latter  runs  should 

0Xp  • 

be  1 /2  the  rates  of  iiuns  6 and  9 if  the  hyurogen  ion  concentration  is  deter- 
mined only  by  the  buffer  ratio.  Such  discrepeu.cies  precluded  the  use  of 
buffer  ratios  as  a means  of  calculating  the  pH  of  the  solutions.  In  extending 
the  work  it  will  be  necessary  to  determine  the  pH  of  the  reaction  mixtures 
very  carefullj^  . 
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Table  I 

Summary  of  Kinetic  Studies 


1 

Buffer 

^rel 

5** 

1 

BrbutylMH2 

2.0 

0.5 

0.067 

1 

1 

1 

1 

1 

1 

12 

II 

1 

0.5 

0.25 

0.0266 

± .0005 

1.00 

13* 

1 , 1 -dimethyl 

0.5 

0.25 

0.055 

17 

II 

0.5 

0.25 

1 

i 

0.0584 

± .0025 

2.19 

1 

2, 2-dimethyl 

1 ,0 

1.0 

j 

2.04 

± .06 

7 

1 " 

1 ,0 

1.0 

1 

2.04 

± .02 

3 

It 

1 .0 

1.0 

1 .0 

2.03 

± .02 

6 

fl 

0.5 

0.5 

0.5 

1 .80 

± .01 

9 

r. 

0.25 

0.25 

0.75 

1.71 

± .03 

11  ! 

II 

0.25 

0.25 

2.10 

± .05 

158 

2 

II 

0.5 

1.0 

0.5 

0.963 

i .014 

10 

II 

0.25 

0.5 

0.75 

0.870 

± .010 

16 

i 

0.5 

1 .0 

0.0796 

+ . 0008 , 

8 

1 M 

i 1 

0.0047 

± .oooy 

19 

2,2-dieth2''l 

j 

0.5 

1.0 

0.299 

± .017 

594 

k* 

2,2-diisopropyl 

0.5 

1 .0 

0.5 

56 

i 

9190 

18* 

2,2-diphenyl 

0.5 

0.25 

140 

j 

5250 

14* 

1 3 j 3-dimethyl 

j 0.5 

0.25 

C.0C42 

0.158 

Indicates  runs  v/hich  are  to  be  regarded  as  prelijuinary  results, 
and  are  good  only  as  an  indication  of  magnitude. 

^ This  value  is  for  k' 

exp. 
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In  the  meantime,  it  appears  that  both  the  primary  and  secondary  salt 
effects  are  in  operation,  either  on  the  reaction  step  of  cyclization  or  on 


See,  for  example,  H.  S.  Taylor  and  H.  a.  Taylor,  "Elementary  Physical 
Chemistry,"  D.  Van  Nostrand  Co.,  Inc.,  New  York,  N.  Y.,  2nd  ed.,  1937, 
pp.  52^4-550. 

the  buffer  equilibria  involved.  Since  the  reaction  step,  (2),  is  the 
reaction  of  a neutral  molecule  to  for^A  both  a positive  and  a negative  ion, 
one  would  predict  that  an  increase  in  ionic  strength  './ould  favor  the  rate, 
a primary  effect,  but  \/ith  small  magnitude,  at  the  same  time,  there  v/ould 
be  little  effect  on  the  preceding  equilibrium  except  by  way  of  influence 
of  the  salt  on  the  hydrogen  ion  concentration.  This  secondary  effect  could 
be  large,  since  the  ionic  strength  increase  causes  an  increase  in  the  ioniza- 
tion constant  of  acetic  acid  giving  a higher  hydrogen  ion  concentration  for 
a given  buffei'  ratio.  In  turn,  the  ionic  strength  causes  a change  in  the 
activity  coefficients  of  the  buffer  salt  and  inert  salt  such  that  different 
effects  v/ill  appear  at  various  concentrations.  Since  the  activity  coefficients 
of  uni-univalent  salts  generally  reach  a minixaum  at  about  1 M,  and  may  or 
may  not  increase  very  much  at  about  2 I-i,  the  constancy  in  k between  runs 
7 and  3,  in  which  the  ionic  strength  goes  from  1 to  2,  is  not  surprising. 
Likewise  the  decrease  in  ionic  strength  from  1 M to  0.25  ii  in  going  from 
Run  9 to  Run  1 1 , is  in  a region  of  rapidly  changing  activity  coefficient,  and 
the  overall  effect  is  to  decrease  the  ionization  constant  of  acetic  acid, 
increasing  the  pH  somewhat,  and  resulting  in  an  increase  in  k from  1.71 

exp. 

to  2. 1 0 X 1 C . 

The  reaction  is  quite  sensitive  to  the  hydrogen  ion  concentration, 
and  it  is  a tool  which,  it  is  hoped,  \/ill  be  applied  to  the  elucidation 
of  salt  effects  in  great  detail  an  various  buffer  systems.  From  (ll),  ty 
taking  the  reciprocal  and  rearranging: 


1 


k 


exp. 


if-  + ^3 

k)k3  kik3 


(16) 


Plotting  the  reciprocal  of  the  observed  rate  constant  against  the  hydrogen 
ion  concentration  v/ould  give  a straight  line.  The  intercept  is  interesting 
since  if  kj  '- > k3,  then  the  value  approaches  l/k3,  uhich  substituted  into  the 
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value  of  slope  would  give  Kj , a term  not  directly  measurable  by  titration 
or  other  methods  because  of  the  ease  of  cyclization  of  the  free  base. 

Inspection  of  Run  1 1 shoJS  a definite  trend  to  lower  values  of  the 
rate  constant  as  the  reaction  proceeds,  with^  =0.25.  It  did  not  seem 
wise  to  go  belov/  th.is  value,  and  in  all  subsequent  runs  the  buffer  salt  con- 
centration was  made  up  to  0.50  h. 

It  was  of  interest  to  look  into  the  kinetics  of  the  vinbuffered  cases. 
Rigorously, 

= A + + P + P (17) 

but  if  the  assumption  is  made  that  ks  > k^,  then  P must  be  small  as  compared 
to  H^.  By  substituting  (?)  into  (17),  and  ignoring  the  other  P,  the  value 
of  so  obtained  may  be  substituted  into  (9),  vMch  on  expansion  gives  (18). 

a2  + A(^li_!-i^  + Br"  - Bro)  - ^11-(aHo  + Bro  - Br")  = 0 (18) 

^2  k2 

Since  A is  a steady  state  concentration,  then  < <-  a,  and  dropping  out 
the  and.  substituting  aHo  = Bro,  (^^)  (19).  Substitution  of  (l9) 

into  ik) t and 

. k,(23ro-Br~)  , s 

“ k]  + ka  - kaBi’o  + kzBr 


rearranging  and  integrating  gives  (20 ),  which  is  still  in  av/loward  form. 

2.303(ki  + k3  + k2Bro)log^'^_  ° + k2(Bro  - 3r~)  = kjk3t  (20) 

By  assuming  that  k2Bro  yy  (kj  + IC3),  (20)  may  be  rearranged  and  converted  by 
the  use  of  (12)  to  (14)  into  (21 ),  which  was  used  in  the  calculations  for 


exp. 


-1 ) (21 ) 

k2Bro  t t Vo  - 


Run  Ko.  8.  Using  0.0047  x lO"''*’  as  the  value  of  k'  , and  95.89  x 10~^‘*’  h 
_ exp . 

for  Br©,  the  value  of  Kjk3  turns  out  to  be  about  4.51  x 10 

Using  the  data  of  Run  i!o.  9,  and  (16),  using  as  1.74  x 10~^  M 
(v/hich  is  questionable  because  of  the  salt  effect  of  0.75  ia  lU'i03  present). 


ki  k-= 


1^3 

— ft 

is  9.0  X 10  , 


turns  out  to  be  1 .99  x 10^.  If  this  value  is  taken  as  l/k3,  then  Kj 


which  is  decidedly  higher  tiian  the  expected  value  on  the  order 
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“8  —10 

of  10  to  lO"  , Resolution  of  this  question  must  await  the  accurate 
determination  of  concentrations  in  the  buffer  solutions  used. 

The  effect  of  change  of  position  of  substitution  is  seen  to  be  large; 
for  two  methyls  at  the  first  carbon,  the  rate  is  only  doubled  as  compared 
to  the  parent  molecule.  But  at  the  second  carbon,  the  maxijnum  effect  appears, 
being  158  x faster,  and  at  carbon  No.  3,  there  is  a depression  in  rate, 
being  only  about  1/6  as  fast  as  the  parent.  Hov/ever,  the  bromine  in  this 
molecule  is  in  a neopentyl  position,  and  the  observed  rate  is  a decided 
acceleration  in  rate  for  such  a hindered  displacement  reaction. 

The  effect  of  size  is  shoi-m  in  that,  on  the  No.  2 position,  ethyl  is 
3.76  X better  than  methyl,  isopropyl  is  5b.''  x better,  and  phenyl  is  33.2  x 
better.  This  seems  to  rule  out  any  electronic  effects  of  the  substituents 
as  exerting  anj^ihing  other  than  a minor  influence  on  the  rates,  since  phenyl 
and  isopropyl  would  have  opposite  electronic  effects  but  similar  steric  or 
bulk  factors. 

As  a speculation,  an  extension  of  the  explanation  of  the  effect  of 
geminal  substituents  given  previously  (pp.  3-4)  might  be  given. 

If  one  considers  the  bromobutylajiiine  in  the  extended  configuration  as 
illustrated,  \/ith  Cj  considered  as  fixed  in  space,  then  the  nmaber  of  other 

configurations  may  be  calculated  for  different  rota- 
tional configurations,  for  the  time  being,  neglect 
the  rotation  about  the  Ci-N  bond.  Then  there  v/ill  be 
three  favored  positions  for  rotation  about  the  Ci-Cg 
bond  v;herein  the  ar.dno  group  will  appear  at  positions 
(1),  (2)  or  (3)  about  C].  biiiularly,  by  rotating  the 
C2-C3  bond,  the  -GHjBr  group  vdll  appear  at  positions 
(1),  (2)  and  (3)  about  C3 . and  rotation  about  C3-C4, 
v.'ill  cause  the  bx'oaine  to  appear  at  (l),  (2)  or  (3) 
about  C4.  all  of  these  positions  represent  non-eclipse 
configurations  for  atoms  or  groups  attached  to  neighbor- 
ing carbons.  Designate  the  configuration  sho^m  as  12-1  [the  amino  in 
position  (1)],  23-1  [the  -CH2Br  in  position  (l)],  and  34-1  [the  bromine  in 
position  (1)];  or  still  more  simply  111  (reading  from  top  to  bottom). 

Since  the  carbon  chain  is  oriented  north  and  south,  position  (2)  is  chosen 
as  that  reached  by  the  key  group  from  (l)  wlien  the  rotation  is  to  the  east 


HjN 


(2) 

(3) 


(2) 

(3) 


\ 


(1) 
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/ 
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about  the  chosen  C-C  bond.  Follovdng  this  convention,  it  is  possible  to 
write  27  different  configurations,  of  which  1'3  are  paired  with  13  riiirror 
images,  and  one  unique  structure,  the  extended  conformation  as  shovm.  Thus 
221  and  331  represent  structures  closest  to  and  equally  likely  to  be  fore- 
runners of  the  transition  state  leading  to  cyclization. 

If  hydrogens  are  on  Cj  (the  parent  bromoamine),  the  molecule  has  a 
wide  choice  of  low  energy  configurations  for  existence.  If  methyls  ;eplace 
these  hydrogens  (as  in  the  2,2-dinethylbromoamine),  then  the  non-bondod 
interactions  act  to  push  the  amino  into  Ci  (2)  or  i3) , and  the  bromomethyl 
group  into  C3  (2)  or  (3).  This  disfavors  the  extended  structure  and  7 other 
pairs.  Roughly  then,  the  configurational  choice  is  reduced  from  27  to  12, 
or  the  chance  of  getting  into  the  221  or  331  states  is  increased  from  2/27 

to  2/121 

as  the  groups  on  increase  still  more  in  size,  it  becomes  increasingly 
difficult  for  the  bromine  to  get  into  positions  C4  (2)  or  (3)  regardless  of 
the  position  of  the  -CHaDr  in  C3  (2)  or  (3)*  Of  the  remaining  6 pairs  of 
states,  this  removes  another  k pairs,  leaving  only  the  221-331 > and  231-321 
pairs  as  possibilities.  The  c.iance  of  getting  into  the  221-331  state  is  now 
1/21 

This  discussion  has  ignored  the  height  of  the  energy  barrier  bet’ween 
rotational  configurations  and  the  relative  energies  of  the  configurations. 

'.lien  the  entropies  of  activation  become  available,  it  will  be  of  interest 
to  refine  this  approach  by  introducing  such  refinements  to  test  the  agreement 
between  prediction  and  result. 

It  is  unfortunate  that  time  did  not  permit  a more  conclusive  study. 
Obviously,  many  questions  remain  unansv/ered,  and  it  '..'ill  be  necessary  to 
obtain  data  at  several  different  temperatures  and  under  a variety  of  condi- 
tions before  much  can  be  said  definitely  about  this  reaction. 


36 


III.  EXPERIMENTAL 


4-Phenoxybutyronitrlle.  - Trimethylene  bromide  was  prepared  from 
the  glycol,  ^ and  converted  into  phenoxypropyl  bromide. A solution  of 
35.8  g.  (0.55  mole)  of  potassium  cyanide  in  94  ml.  of  water  was  added  to 
a solution  of  99.6  g.  (0.462  mole)  of  phenoxsrpropyl  bromide  in  285  ml.  of 
95^  ethanol.  After  heating  the  mixture  under  reflux  for  14  hours  in  the 
hood,  250  ml.  of  solvent  was  removed  at  the  water  pump.  Next,  70  ml.  of 
water  and  30  ml.  of  benzene  were  added.  The  layers  were  seoarated  and  the 
aqueous  layer  was  extracted  with  two  35  ml.  portions  of  benzene.  The 
benzene  solution  was  successively  washed  with  dilute  sodium  hydroxide  and 
water,  dried,  and  distilled  to  give  71  g.  (96/»  yield)  of  oil,  b.p.  155“75° 
(20  mm).  Upon  redistillation,  the  material  boiled  at  158-70°  (20  mm)  and 
soon  recrystallized  to  give  L~phenoxybutyronitrile  as  a low-melting  solid. 

4~Phenoxybutylamine  (I).  - A solution  of  64.1  g.  (0,389  mole)  of 
4”phenoxj'’butyronitrile  in  174  nil.  (1.39  mole)  of  2-butanol  and  100  ml.  of 
toluene  was  added  to  a stirred  slurry  of  40.4  g.  of  molten  sodium  (1.75 
atom)  in  1 50  ml.  of  toluene  over  a period  of  10  minutes.  The  mixture  was 
heated  for  an  additional  half-hour.  The  solution  was  v/ashed  vath  water 
and  extracted  vrith  dilute  hydrochloric  acid.  Base  was  added  and  the  amine 
collected  and  distilled,  giving  54.1  g.  (83/tf),  b.p.  14.8-51°  (22  mm). 
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Marvel  reoorts  b.p.  146-8°  (l7  mm).  ' 

4-Bromobutylamine  Hydrobromide  (ll).  - A solution  of  49.5  g.  (0.3 
mole)  of  4”phenoxybutylamine  in  330  ml.  of  concentrated  hydrobromic  acid 


was  distilled  over  a 


3f  about  four  hours  from  an  oil  bath  at  145°, 


giving  250  ml.  of  distilled  hydrobromic  acid.  The  solution  was  evaporated 
to  dryness  at  the  aspirator  and  the  remaining  traces  of  solvent  were  removed 
by  codistillation  with  ethylene  chloride  on  the  steam  bath.  The  residue 
was  taken  up  in  acetone  and  decolorized.  After  concentration,  the  addition 
of  ethyl  acetate  gave  50.9  g.  (73/i)  of  product  m.p,  156-8°.  The  material 
was  recrystallized  from  a mixture  of  10  ml./g.  of  ethyl  acetate  and  1 ml./g. 
of  acetonitrile  with  90/j  recovery,  m.p.  157"8°.  The  pure  material  was 
hygroscopic,  but  much  less  so  than  was  the  crude  material. 

Anal.  Calcd.  for  C4HiiBr2N:  C,  20,60;  H,  4.76.  Found:  C,  20.82; 


H,  4.76. 


37 

An  attempt  to  prepare  the  picra.te  of  the  bromo  amine  by  prolonged 

boiling  of  a t-butanol  solution  of  the  hydrobromide  amd  picric  acid  was 

partially  successful,  as  the  yellow  color  deepened,  but  the  trace  of  picrate 

could  not  be  ^6i33^rated  from  the  hydrcbromide,  which  was  less  soluble  in 

all  solvents.  The  addition  of  one  equivalent  of  silver  picrate  to  II 

gave  Very  impure  picrate,  which,  after  many  recrystallizations  from  ethylene 

chloride,  had  m.p,  110-12°.  Melting  points  of  105°  and  127°  have  been 

1 8 

reported  for  the  picrate.  '* 

Hinsberg  treatment  of  II  gave  N-benzenesulfonylpyrrolidine,  m.p, 
51.5”2.0°  from  carbon  tetrachloride,  identical  with  material  from  authentic 
duPont  pyrrolidine. 

Methyl  3-Cyanopropionate  (III).  - A solution  of  172.2  g.  (2  moles) 
of  methyl  acrylate,  120  g.  (2  raoles)  of  glacial  acetic  acid,  and  2 1.  of 
95^0  ethanol  was  warmed  to  35° > and  a solution  of  260  g.  (4  moles)  of  potas- 
sium cyanide  in  750  ml.  of  water  was  added  over  a quarter-hour  period  with 
stirring.  Stirring  was  continued  for  four  hours,  and  then  the  solution  was 
allowed  to  stand  for  eight  hours.  Benzene  and  a saturated  solution  of 
sodium  chloride  were  added  and  the  layers  were  separated.  The  aqueous 
layer  was  extracted  twice  with  benzene  and  the  combined  organic  layers 
were  washed  twice  v/ith  saturated  solution  of  sodium  chloride  solution.  The 
benzene  solution  was  distilled  at  atmospheric  pressure  to  remove  the  bulk 
of  the  benzene  and  then  subjected  to  vacuum  distillation  to  give  152  g. 

(67/s)  of  oil,  b.p.  72-90°  (l  mm). 

4- Ainino butanol  (IV).  - A solution  of  57  g.  (0,5  mole)  of  cyanoester 
(III)  in  600  ml.  of  absolute  ether  was  added  dropwise  with  stirring  to  a 
mixture  of  26,5  g.  (0.7  mole)  of  lithium  aluminum  hj^iride  and  750  ml.  of 
absolute  ether.  During  the  addition,  a gummy  white  precinitate  was  fomed. 
After  the  addition  was  completed,  the  mixture  was  stirred  for  two  hours  on 
a v/arm  water  bath,  after  which  time  the  gummy  mass  had  disintegrated  into 

a white  powder.  Sufficient  water  was  added  dropwise  to  destroy  excess 
lithium  aluminum  hydride,  and  325  nil.  of  concentrated  hydrochloric  acid 
was  added.  All  material  was  breught  into  solution  by  warming.  The  acid 

* See  p.  39  for  a soperior  method  of  decomposition  of  lithium  aluminum 
hydride  reductions,  the  product  of  which  are  hydroxyamines. 
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solution  was  extracted  with  ether  to  remove  non-amine  impurities  and  then 

added  dropwise  to  400  g.  of  sodivun  hydroxide  as  a 33^»  solution.  Not  all 

alumina  formed  went  back  into  solution,  hov/ever,  and  it  was  found  necessary 

to  heat  the  mixture  to  boiling.  The  solution,  after  allowing  to  cool, 

was  filtered  and  extracted  five  times  with  chloroform.  Distillation  gave 

Aft 

9 g.  (20/o  yield)  of  oil,  b.p.  201-205°.  Henry  reported  b.p.  206°, 

4“ Amino butanol  was  converted  to  4-bromobutylamine  hydrobromide  by  the 
procedure  that  was  used  with  4“Phenoxybutylajnine  (l). 

Hexamethylenetetramine  Adduct  of  Tetramethylene  Dibromide  (V).  - 
A mixture  of  44  g.  (0.2  mole)  of  tetramethylene  dibromide,  84  g.  (0.6 
mole)  of  hexamine,  and  500  ml.  of  chloroform  was  heated  on  the  steam  bath 
for  5 minutes  to  bring  most  of  the  hexamine  into  solution.  The  mixture  was 
allowed  to  stand  for  one  week,  during  which  timie  the  hexamine  slowly 
dissolved  as  the  reaction  proceeded.  The  adduct  was  filtered  off,  washed 
with  chloroform  and  dried.  It  weighed  71.4  g.  (lOO/a).  The  melting  point 
of  the  adduct  varied  from  140°  to  l60°  (with  decomposition  10°  below  the 
m.p.)  depending  upon  the  batch  and  was  not  a good  characteristic  constant 
for  the  compound. 

One  gram  of  adduct  was  warmed  with  2 ml.  of  concentrated  hydrobromic 
acid  for  an  hour  on  the  steam  bath.  The  hydrobromic  acid  was  removed  in 
vacuo  and  the  solid  was  extracted  with  chloroform.  The  solution  was  evapora- 
ted to  dryness  and  the  residue  crystallized  from  ethyl  acetate.  Recrystal- 
lization from  ethylene  chloride  afforded  a small  quantity  of  colorless 
hygroscopic  needles,  m.p.  151-4°. 

Iwhen  the  above  procedure  was  applied  to  1 72  g.  of  adduct,  intractable 
dark-colored  tars  resulted.  Similar  treatment  of  71.4  g.  gave  a dark  tar, 
which  was  further  treated  with  hyarogen  bromide  in  acetic  acid.  The  latter 
more  drastic  treatment  was  ineffective  likewise.  A slight  odor  of  formal- 
dehyde was  still  noted  above  warm  acidic  solutions  of  the  tar,  even  after 
all  of  the  foregoing  treatment. 

Methyl  4~. iethyl-4~Nitropentanoat e (VIII).  - The  directions  given  by 
Bruson  were  follov/ed.  ' Forty-three  grams  (0,5  moles)  of  freshly  distilled 
methyl  acrylate  was  added  dropwise,  with  stirring,  over  a one-hour  period, 
to  a solution  of  44.5  g.  (0.5  mole)  of  commercial  2-nitropropane,  25  ml, 
of  t-butanol  and  6 g.  of  Triton  B (35/^  in  methanol).  The  tenroerature  w'as 
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maintained  betAveen  35°  and  40°  during  the  addition.  The  mixture  was  then 
stirred  for  five  hours  at  25~30°,  made  acid  to  litmus  with  dilute  hydrochloric 
acid,  and  extracted  A-dth  ethylene  dichloride.  The  organic  layer  was 
washed  with  water  and  distilled  at  the  w.-iter  pump  to  remove  solvent.  The 
residual  oil  was  vacuum  distilled;  giAring  75  g.  (86,J  yield)  of  blue  liquid, 
b.p.  95-105°  (5  nua). 

4~Hydroxy-1 ,1 -dimethyl butylamine  (IX).  - A solution  of  44  g.  (0.25 
mole)  of  methyl  4-methyl-4-nitropentoate  in  125  ml.  of  ether  was  added 
drooA'.lse  to  a stirred  refluxing  slurry  of  23.7  g.  (0.625  mole)  of  lithium 
alAinumun  hydride  in  700  ml.  of  ether.  The  rate  of  addition  was  givemed 
by  the  canacity  of  the  condenser.  He^Ating  v/as  continued  for  30  minutes. 

After  the  addition,  the  reaction  mixture  was  decomposed  by  slowly  adding 
192  ml.  (2.5  moles)  of  2-propanol  with  cooling.  Ilext,  156  ml.  of  saturated 
sodium  chloride  was  added  and  stirring  was  continued  for  1 5 minutes  to 
break  up  the  lumps  of  inorganic  material.  The  mixture  was  filtered  and  the 
filter  cake  was  washed  Avith  a iiAixture  of  two  parts  of  2-propanol  and  3 parts 
of  ether.  The  solvents  A.’ere  rej..oved  from  the  airdno  alcohol  solution  in 
vacuo . leaving  a blue  oil,  which  was  distilled  at  13  nini.  to  give  21.5  g. 

(74/»)  of  blue  product,  b.p.  100-120°.  Partial  crystallization  occurred 
upon  standing. 

The  blue  color  undoubtedly  iirose  from  an  impurity  in  the  original 
nitro  ester,  wliich  was  blue  when  freshly  prepared.  Purification  of  the 
a*dno  alcohol  was  attempte'i  through  the  formation  of  a suitable  salt. 

The  picrate,  p-chloro'oenzoate,  trichloroacetate,  citrate,  maleate  and 
p-toluenesulfonate  v/ere  all  found  to  be  liquids  as  initially  orepared, 
although  the  last  salt  crystallized  o,t  the  end  of  a v.-eek.  The  oxalate  was 
found  to  be  a solid. 

A solution  of  8.9  g.  (0.07  mole)  of  oxalic  acid  dihydrate  in  100>S 
ethanol  was  added  to  a solution  of  J6.2  g.  (0.14  mole)  of  the  crude  amino 
alcohol  in  100, i ethanol.  The  salt  (13.8  g. , 63/0  was  collected  and  re- 
crystallized  several  times  from  ethanol  containing  a small  amount  of  methanol. 
During  this  process,  the  m.p.  decreased  from  206. 7°d.  to  199°  d. 

Anal.  Calcd.  for  C]4H32N206:  C,  51.83;  H,  9*94.  Found:  C,  52.05; 


H,  9.70, 
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The  oxalate,  although  not  very  hygroscopic,  did  absorb  moisture  from  the  air. 
The  oxalate  may  alternatively  be  prepared  in  acetone  or  in  ether,  which 
are  good  solvents  for  hytlrated  oxalic  acid,  but  the  product  sc  obtained 
was  usually  oily.  Since  the  oxalate  is  slightly  soluble  in  ethanol,  es- 
pecially in  the  crude  state,  2- propanol  was  a more  satisfactory  solvent 
for  the  preparation.  The  lov/  yield  of  oxalate  was  due  to  the  fact  that  the 
amount  of  oxalic  ^cid  which  was  used  wa&  calculated  on  the  assamotion  that 
the  amino  alcohol  was  lOO/o  pure.  Since  this  was  not  the  actual  case,  the 
oxalic  acid  was  in  excess  and  excess  oxalic  acid  dissolves  the  precipitated 
diamine  oxalate  with  the  forination  of  the  very  soluble  amine  hyr^ogen  ox- 
alate. 

The  nure  amino  alcohol  was  liberated  from  the  oxalate  by  treating  a 
solution  of  9.0  g.  of  the  salt  (0.028  mole)  in  150  ml.  of  absolute  methanol 
with  a solution  of  1.6  g.  (0.056  atom)  of  magnesivim  in  100  ml.  of  absolute 
methanol.  The  supernatent  liquid  gave  a negative  test  for  magnesium  with 
oxalic  acid.  The  precipitate  was  digested,  centrifuged,  and  washed  tvdce 
vrLth  methanol.  The  methanol  was  removed  from  the  clear  solution  by  distil- 
lation and  the  residual  oil  was  distilled  to  give  5.B  g.  (90^>>)  of  colorless 
hygroscopic  product,  b.p.  108°  (15  ntm).  The  product  completely  solidified 
upon  standing,  f.p.  42.5°. 

Treatment  of  the  oxalate  with  either  one  or  two  equivalents  of  benzene- 
sulfonyl  chloride  and  aoueous  potassiiun  hydroxide  gave  two  products  in  the 
same  ratio,  but  in  var„i.ng  total  yield.  The  major  product,  N-benzene- 
sulfonyl-2,2-dimethylpyrrolidine  (XII)  vias  insoluble  in  base.  It  was 
crystallized  from  methanol,  m.p.  62-3°. 

Anal.  Calcd.  for  C12HJ7NO2S;  C,  60,22;  H,  7.16.  Found:  C, 

60.43;  H,  7.28. 

The  minor  product,  i'l-benzenesu?  fonyl-4-a  uno-4-methyl-pentanol-1  (XI), 
was  soluble  in  base.  It  was  crystallized  from  Skellysolve  B and  recr^^stal- 
lized  from  aqueous  methanol,  m.p.  93~4°. 

Anal.  Calcd.  for  C12HJ8WO3S:  C,  56.00;  H,  7«44.  Found:  C, 

56.22;  H,  7.19. 

4-Bromo-1  , 1 -diiuethylbutylamine  Hydrobromide  (X).  - A mixture  of 
3.24  g.  (0.01  mole)  of  the  oxalate  and  20  ml.  of  concentrated  h-''-drobromic 
acid  was  distilled  from  an  oil  bath  at  150°  until  15  1^.  of  distillate 
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had  been  collected.  The  remainder  of  the  hydrobromic  acid  was  removed 
in  vacuo.  The  solid  was  dissolved  in  chloroform  and  the  last  traces  of 
hydrobroiidc  acid  were  codistilled.  After  concentration,  ethyl  acetate  was 
added,  precipitating  4.52  g.  (87/i)  of  amine  salt,  m.p,  1 79~80°  (oxalic 
acid  remained  in  solution).  The  salt  was  recrystallized  several  times  from 
ethylene  chloride  with  little  loss  and  no  change  in  m.p.  The  material  can 
also  be  crystallized  from  acetonitrile  (5  ml./g. ). 

>tfial.  Calcd.  for  C^H,  ^BrjN:  C,  27.61;  H,  5.79.  Found:  C,  2'7.5i; 

H,  5.63. 

The  use  of  the  oxalate  salt  gave  a practically  colorless  nroduct  directly. 
The  crude  blue  amino  alcohol  gave  a lo\-/er  yield  (30/j)  of  black  product 
upon  hydrobromic  acid  tre:'.tment. 

The  Hinsberg  product  was  N-benzenesulfonyl-2,2-dimethylpyrrolidine 
(XIII)  (m.p.  and  udxed  m.p.  with  material  from  the  amino  alcohol). 

The  pH  of  a 0.02  molar  solution  varied  with  time  as  follows: 


tirae  (min, ) pH 

(0)  4.60 

35  4.00 

85  3.80 

1030  3.30 

1 930  3. 1 4 

2440  3.04 


2, 2-Oiruetliylu^x-rolidj.ne  (XIII)  was  prepared  from  4-bromo-1  , 1 -diraet-iyl- 
butyla.iine  hydrobrouiide  by  treatment  v'ith  aqueous  sodium  hydroxide.  The 
amine  layer  was  separated  and  dried  first  vath  eotassium  hydroxide  and  then 
with  calci'am  hydride.  Distillation  afforded  6t,o  of  product,  b.p.  106°. 
Buckley  and  Blliott  reported  b.p.  105~6°.  The  yield  was  remarkable  as 
no  extraction  solvents  were  used  to  aid  in  the  isolation  of  the  hygrosconic 
base. 

The  2,4“dinitrophenj"lurea  derivative  (XV)  (m.r>.  129" 30°)  and  the 
picrate  (m.p.  186-7°)  v/ere  prepared  according  to  the  directions  of  Buckley 

pQ 

and  Elliott,  who  reoort  melting  points  of  131°  and  i 90-1 ° respectively. 

2, 2-Dimethylnyrrolidine  Hydrobromide.  - In  an  attempt  to  prepare 
1 -butyl-?, 2-diraethylpyrrolidine  hydrobroinide  (XIV),  1 g.  of  4-bromo-l  , 

1 -dirnethylbutylajriine  hydrobro.iide  was  tre'ted  with  aqueous  sodium  hydroxide 
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and  the  upper  layer  of  2,2-dimethylpyrrolidine  was  taken  up  in  ether  and 
the  resulting  ethereal  solution  was  dried  with  magnesium  sulfate.  Butyl 
bromide  (5  ml.)  was  added  and  after  standing  for  2 weeks,  the  hygroscopic 
crystals  of  product  were  collected  and  recrystallized  from  ethylene  chloride, 
m. p.  173~4°.  Since  this  was  not  the  m.p.  of  the  iJ-butyl  comnound,  a sample 
of  2,2-dinr.ethylDyrrolidine  hydrobromide  was  prepared  from  the  free  base 
(liberated  by  alkaline  treatment  of  the  bromo  anine  salt)  by  neutralization 
ifl-th  hydrobromic  acid.  The  hygroscopic  salt  was  found  to  have  m.p.  173" 

4°.  The  mixed  m.p.  was  undepressed. 

1 - Butyl-2 , 2-dimethyl  pyrrolidine.  Hydrobroinide  (XIV).  - One  gram 
of  4"bromo-1 , 1 -dimethylbutyla  line  hydrobroraide  was  treated  with  aqueous 
sodium  hydroxide  and  the  nyrrolidine  layer  was  separated  and  dissolved  in 
methanol.  Butyl  bromide  (3  ml.)  and  2 drops  of  phenolphthalein  were  added. 

The  solution  was  allowed  to  stand  one  week,  during  v.’hich  time  small  amounts 
of  25?i  sodium  hydroxide  '/ere  periodically  added  to  maintain  slight  alkalinity, 
and  to  prevent  the  separabion  of  the  poorly  soluble  2,2-dimethylpyrrolidine 
hydrobromide.  The  solution  was  treated  with  hydrochloric  acid  and  evaoorated 
to  dryness.  The  solid  was  talcen  up  in  base  and  the  amine  layer  was  separated. 
The  amine  was  heated  with  acetic  anhydride  in  benzene  to  destroy  unreacted 
pyrrolidine.  The  benzene  solution  was  extracted  with  dilute  hydrobromic 
acid.  Lvaporation  of  the  acid  solution  1^  vacuo  left  a brown  sollu  which 
was  recrystallized  several  times  from  an  ethylene  chloride  and  carbon 
tetrachloride  mixture,  once  from  ethyl  acetate,  twice  from  dioxane,  and 
once  more  from  ethyl  acetate  with  a fev/  drops  of  acetone  to  give  0.3  g. 
of  v/hite  crystals,  './ith  recrystailization,  the  salt  became  less  hygro- 
scopic  and  the  m.p.  v/as  raised  from  144"5.5°  to  146-7°.  Blderfield 
reports  m.p.  146-9.5°  for  tliis  compoiind. 

Anal.  Calcd.  for  Cj  5.93. 

Found:  M,  6.06. 

2-Hethylnentanol-2.  - A solution  of  136  ml.  (1.5  moles)  of  propyl 
bromide  in  500  ml.  of  ether  was  added  over  a period  of  one  hour  to  36.5  g. 

(1.5  atom)  of  ma'nesium  in  300  ml.  of  ether.  The  ndxture  was  heated  under 
reflux  for  0.5  hour  after  the  addition,  and  then  cooled.  A solution  of 
110  ml.  of  acetone  in  150  ml.  of  ether  was  added  drooivise  over  a oeriod  of 
0.5  hour.  The  mixture  v;as  heated  under  reflux  for  0.5  hour.  Decomposition 
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was  eff'v.cted  by  the  addition  of  215  ml.  of  saturated  ammoniiiin  chloride 
solution.  The  ether  solution  was  distilled  to  give  1 1 6 g.  (76^)  b.p. 
115“130°.  ^edistillation  gave  111  g.  (73/0>  b.p.  116-125°.  Henry 
lists  b.p.  122-3°. 

2-iiethylpentylamine-2  (XVI).  - To  a mixture  of  126  ml.  (l  mole)  of 
2-methylpentanol-2,  125  ml.  of  acetic  acid,  and  51.3  g.  (l  mole)  of  95i^ 
sodiuja  cyanide,  was  added  a solution  of  1 36  ml.  of  cone,  sulfuric  acid  and 
125  nil.  of  acetic  acid  over  a period  of  30  minutes  with  stirring,  under 
a hood.  A cold  water  bath  was  used  to  maintain  the  temperature  between 
50  and  60°.  The  mixture  was  stirred  for  0.25  hour  after  the  addition  and 
allowed  to  stand  overnight.  A condenser  was  attached  and  a solution  of 
500  g.  of  sodium  hydroxide  in  1750  ml.  of  water  was  added  through  the  top. 
After  heating  under  reflux  for  7 hours,  the  amine  was  steam  distilled  into 
100  ml.  of  cone,  hydrochloric  acid.  The  acidic  solution  was  extracted  v;ith 
benzene,  decolorized,  and  made  basic  with  33,^  sodium  hydroxide.  The  amine 
was  separated  and  the  basic  solution  was  extracted  with  ether.  The  amine 
and  extract  were  combined,  dried  with  potassium  hydroxide,  and  distilled 
to  give  75  g. ) b.p.  99-104°.  ilontatXie'^^  reported  b.p.  101-3°.  The  amine 
v;as  found  to  he  highly  volatile  and  therefore  the  ether  forerun  and  the 
residue  were  acidified  with  hydrochloric  acid  and  evaoorated  to  dr^mess. 

The  residue  was  crystallized  from  chloroform -othyl  acetate  and  recrystal- 
lized from  2-propanol- ethyl  acetate  to  give  8.5  g.  of  the  amine  hydro- 

72 

chloride  m.p.  207~8°.  Dewad'  listed  m. p.  190-98°.  The  total  30. eld  was 
8O/0.  The  amine  salt  was  found  to  give  the  same  benzenesulfonamide  as  the 
liquid  amine. 

N-Benzene3ulfon.vl-2-methylpentylamine-2  (XVII ).  - A mixture  of 
lO.l  g.  (0.10  mole)  of  amine,  15.4  nil.  (0.12  mole)  of  benzenesuifonyl 
chloride,  12  g.  (0.30  mole)  of  sodium  hydroxide  and  90  ml.  of  water  v/ere 
shaken  for  several  lidnutes.  The  crystalline  product  was  filtered  off  and 
crystallized  from  Skellysolve  B to  give  22.7  g.  (95/j)  of  product,  m.p. 
89~90°.  The  analytical  sample  was  recrystallized  several  times  from 
Skellysolve  B and  finally  from  methanol,  lowering  the  melting  point  to 
88-9°. 

Anal.  Calcd.  for  C-gHjgdOaS;  N,  5. 80. 


Found:  M,  5.88. 
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The  sulfonamide  was  degraded  by  hydrolysis  in  order  to  verify  its 

structure.  A mixture  of  1 3 of  the  sulfonamide  and  70  ml.  of  cone. 

hydro broitiic  acid  was  distilled  at  a bath  temperature  of  150°.  The  oil  was 

decanted  from  the  distillate,  washed  with  vrater  and  dried.  Two  distillations 

afforded  a low  boiling  linsaturated  fraction,  b.p.  40-70°  which  instantaneously 

added  bro.tiine,  and  a liquid  of  b.p.  131^  d.  which  instantaneously  re- 

73 

acted  v/ith  silver  nitrate.  Favorskii  rerx)rted  for  2-bromo-2-methyl- 

pentane,  b.p.  77-7B°  (145  mm).  The  corresponding  boiling  point  a.t  760  min. 

7/j. 

was  estimated  to  be  132°.  Timmermans'^  listed  2-inethylpentane-2,  b.p. 

67.3°. 

A methanolic  solution  of  the  sulfonaLiide  vdth  sodium  acetate  as  a 
base  instantaneously  decolorized  bromine.  The  solution  was  placed  in  the 
sun  for  2 days.  A negative  starch-iodide  test  was  obtained  and  addition  of 
water  precipitated  unchanged  starting  material  as  the  sole  product.  Be- 
havior vdth  sodium  hydrodde  was  sij.dlar.  The  sulfonamide  was  dissolved 
in  a solution  of  potassium  t-butoxide  in  absolute  t-butanol.  The  solution 
instantly  decolorised  bro;oine,  and  after  2 days  in  the  sun,  the  starch- 
iodide  test  v/as  found  to  be  negative.  In  v.'or’ring  up  the  mixture,  the 
product  v/as  accidently  evaporated  to  dr"/ness  and  charred.  The  sole  isolable 
product  from  the  tar  v/as  benzencsulfona dde  (m.p.  and  mixed  n.p.  with 
authentic  sav.ole). 

An  attempt  v/as  made  to  ircpai"e  nhenoxi^npropylinagnesiam  bromide  by 

adding  a solution  of  99.6  g.  (0.5  mole)  of  ohenoxypropyl  bromide  in  200  rrJ., 

of  ether  to  13.4  g.  (0.55  ~tor)  of  mamesium  in  100  ml.  of  ether.  The 

formation  of  a \;hite  precioitate  during  the  reaction  necessitated  adding 

200  ml.  of  benzene  to  maintain  homo  gen  eitp?^.  At  the  end  of  the  reaction, 

82 

Gilman's  test'  for  RligX  was  negative,  and  no  thermal  effect  v/as  noted  when 

73.5  ml.  (0,55  mole)  of  acetone  in  100  ml.  of  ether  was  added.  After  de- 

comnosition  vdth  saturated  a monium  ci-;loride,  the  ether  was  decanted  and 

extracted  v/ith  20/o  sodium  hydroxide  to  remove  phenol,  Lvaporation  of  the 

ether  left  a white  solid  v;hich  was  crystallized  from  Skellysolve  B to  give 

2 g.  of  crystals,  m.p.  02-3°.  This  was  undoubtedly  the  '.urtz  product, 

75 

1 ,6-diphenox;;'hexane,  for  ’./liich  m.p.  83°  v/as  reported, 

3-lithoxynropanol  was  prepared  in  45/o  yield  from  ethyl  bromide  and 
the  mono sodium  salt  of  trimethyleneglycol,  using  an  excess  of  the  glycol 
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as  the  solvent  according  to  the  procedure  of  Smith  and  Sprung'  who 
claimed  a 65/i>  yield.  Because  of  the  unworkable  viscosity  of  the  alkoxide 
solution  two  further  runs  v.’ere  made,  using  dimethylcellosolve  as  a diluent 
in  one  case  and  toluene  in  the  other.  The  yields  were  44/i  and  36/^> 
respectively. 

3~£thoxypropyl  bromide  was  prepared  in  a 34/^  yield  from  the  alcohol 

-7 

using  phosphorus  tribromide,  according  to  the  method  of  Anderson. ’ '/hen 
their  procedure  v/as  modified,  however,  by  using  pyridine  to  neutralize 
free  hydrogen  bromide,  which  might  cleave  the  ether,  a yield  of  75/s  was 
realized. 

A solution  of  247  g.  (2.47  moles)  of  3~ethoxypropanol  and  47.5  ml. 
(0.59  mole)  of  pyridine  was  added  slowly  (2  hours)  with  stirring  to  90  ml. 
(0.95  mole)  of  nhos-'horus  tri bromide  in  an  ice  bath.  The  mixture  was 
then  heated  to  75°  for  one  hour.  After  cooling,  the  liquid  phase  was 
decanted  from  the  nyridine  salts,  'vbich  v;ere  washed  ’with  benzene.  The  com- 
bined solution  was  washed  successively  with  water  and  saturated  sodium  bicar- 
bonate solution,  dried,  and  distilled  through  a Vigreux  column.  The 
fraction,  b.p.  135~55°,  was  collected  and  found  to  be  slightly  acidic. 

It  was  a<.;ain  'washed  with  saturated  sodium  bicarbonate,  dried,  and  distilled. 
The  product,  b.p.  145“55°>  weighed  2Sl  g.  (71/9). 

5-2thoxy-2-methyloGntanol-2  (XIX)  v/as  prepared  by  adding  a solution 
of  161  g.  (0.965  mole)  of  3”ethoxjy!r'opyl  bromide  in  300  ml.  of  ether  to 
26.6  g.  (1.1  atoiri)  of  magnesiam  in  300  ml.  of  ether  with  stirring,  the 
reaction  being  started  with  1 ml.  of  methyl  iodide,  after  the  addition, 
which  recuired  1.25  hours,  the  mixture  was  boiled  for  one  hour.  After 
cooling  in  ice,  85  ml.  (l.2  mole)  of  acetone  in  85  mil.  of  ether  was  added 
over  a period  of  0.5  hours.  Toward  the  end  of  the  addition,  the  mixture 
became  almost  solid  v/ith  precioitated  salts,  necessitating  the  addition 
of  100  jal.  of  ether  to  increase  the  fluidity.  The  dxture  'was  heated  under 
reflux  for  0.5  hours,  and  then  decomposed  "dth  l65  ml.  of  saturated  a/nmonium 
chloride.  The  ether  solution  v/as  decanted  and  distilled,  giving  105.2  g. 
(75/i)  of  product,  b.p.  175"188°. 

26 

In  order  to  gain  faiailiarity  with  the  method  of  Ritter  and  Kalish"^ 
for  converting  a tertiary  alcohol  to  the  corresnonding  amine  through 
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"Sjjl  cyanolysis, " t-butylamine  hydrochloride  was  prepared  in  6lyo  yield 
according  to  their  directions,  which  claim  an  3d  eld, 

4-l^thoxy-1  ,1 -dimethylbutylamine  (XX).  - In  a 250  ml.  Erlenmeyer 
flask  was  placed  a mixture  of  36.5  e*  (0.25  mole)  of  5“ethoxy“2-methyl- 
pentanol-2,  13  g.  (0.25  mole)  of  95?<>  sodium  cyanide,  and  31  ml.  of  acetic 
acid,  A solution  of  34  ml.  of  cone,  sulfuric  acid  in  31  ml.  of  acetic  acid 
was  added  portionwise  over  an  0.5  hour  period  with  shaking.  The  tempeiature 
did  not  exceed  55°  during  this  operation.  The  flask  was  stoppered  and 
allowed  to  stand  overnight.  After  the  addition  of  1 50  g.  of  sodium  hydroxide 
in  310  ml.  of  water,  the  mixture  was  heated  under  reflux  for  five  hours 
and  then  steam  distilled.  Cone,  hydrochloric  acid  (21  ml.,  0.25  mole)  was 
added  to  the  first  400  ml.  portion  of  distillate,  which  contained  all  of 
the  airdne.  After  ether  extraction  to  remove  insoluble  oil,  40  g.  of  sodium 
hydroxide  in  50  ml.  of  water  was  added  to  liberate  the  a-.ine  v/hich  was 
extracted  with  ether.  The  extract  v/as  dried  and  distilled,  giving  20.1  g. 
of  amine  (55/o  yield),  b.p.  170-80°,  which  was  characterized  as  the  picrate, 
m.p.  118-20°  from  chloroform. 

Anal.  Calcd.  for  C, C,  44.92;  H,  5.92;  M,  14.97.  Found: 

C,  44.86;  H,  5.99;  N,  15.71. 

Concentrated  hydrochloric  acid  was  added  to  0.37  g.  of  the  picrate 
in  a minimum  quantit3'  of  vrater.  The  picric  acid  was  filtered  off  and  the 
solution  was  basified  and  steam  distilled,  catching  the  distillate  in  2 ml, 
of  concentrated  hydriodic  acid.  The  distillate  was  evaporated  to  dryness 
in  vacuo  and  2 ml.  of  acetic  acid  and  2.5  nil.  of  concentrated  hydriodic  acid 
were  added.  After  heating  under  reflux  for  1 hour,  the  solvoit  was  removed 
in  vacuo,  water  was  added  and  an  oily  impurit3'  was  removed  by  extraction 
with  carbon  tetrachloride.  Basification  and  treatment  with  0.3  ml.  of 
benzenesulfonyl  chloride  gave  N-benzenesulfonyl-2,2-dimeth;'-lpyrrolidine, 
m.p.  62-3°  from  Skellysolve  B.  The  mixed  m.p.  v/ith  authentic  material 
(m.p.  63.5”64°)  was  63-63.5°. 

2-Chloro-5-ethoxy-2-meth?/-lpentane  (J(XI).  - A mixture  of  105  g. 

(0.72  mole)  of  5~ethoxy-2-meth3'-lpentanol-2  and  36O  ml.  of  concentrated 
hydrochloric  acid  (4.32  moles)  was  shaken  for  10  minutes  in  a separatory 
funnel.  The  layers  v/ere  separated,  and  the  lower  acid  layer  was  extracted 
with  Skellysolve  3.  The  combined  organic  layers  v;ere  washed  v;ith  water  and 
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saturated  sodium  bicar^iionate  solution,  dried  with  calcium  chloride,  and 
distilled.  Copious'  evolution  of  hydrogen  chloride  occurred  during  the 
distillation,  and  it  was  necessary  to  treat  the  distillate  vfith  potassium 
carbonate.  After  drying  over  phosphonis  pentoxide,  the  material  was  dis- 
tilled (more  decomposition)  to  give  hh  g.  (37/0  of  product,  b.p.  l64~ 

176°.  I 

5-Sthoxy-2 . 2-dimethylvalerophenone  (XXII),  - Sodamide  was  prepared 

from  l6.8  g.  (0.73  atom)  of /sodium  and  5,60  ml.  of  lio.uid  ammonia.  Toluene 

(560  ml.,)  was  added  and  thjB  ammonia  was  removed  by  warming.  Next,  106  ml. 

(0.7  mole)  of  isobutyrophenone  was  added  all  at  once  and  the  mixture  was 

heated  under  reflux  for  one  hour.  3~ethoxypropyl  bromide  (117  g. , 0.7  mole) 

was  added  over  a period  of  1.5  hours.  After  a reflux  period  of  10  hours, 

the  mixture  was  decomposed  vdth  v;ater  and  the  toluene  solution  was  distilled 

to  give  129.5  g.  (79/»)  of  crude  product,  b.p.  70-112°  (l  mm.).  Since  a 

slight  excess  of  sodamide  v/as  used,  the  product  was  undoubtedly  contami- 

2Q 

nated  with  allyldinethyiacetonhenone,  b.p.  70°  (l  mm).  ” 

The  ketone  (0.55  mole)  was  added  to  a suspension  of  1.1  mole  of 
sodamide  in  800  ml.  of  toluene.  After  a reflux  period  of  4 hours,  aimonia 
evolution  had  ceased,  and  the  jnixture  was  Recomposed  with  aqueous  acv.tic 

I 

acid.  The  toluene  solution  was.- distilled  to  give  57  g.  of  product,  b.p, 
110-160°  (15  nun)  which  soon  deposited  crysjlals  upon  chilling.  These 


crystals  went  into  solution  at  room  temcer^ature  and  therefore  were  not 

I 

collected.  I 

A solution  of  14.4  g.  (0.624  atom)  of  sodi'jm  in  300  ml.  of  absolute 
methanol  was  added  to  54  g.  of  the  above  clec-.vage  aroduct  in  250  ml.  of 
absolute  methanol.  Next,  16.O  ml.  (0.312  mole)  of  bromine  in  100  ml.  of 
absolute  inethanol  was  added  with  svdrling.  After  heating  for  1 5 minutes 
on  the  steam  bath,  40  g.  of  sodium  hydroxide  in  100  ml.  of  water  was  added, 
Aftcr_8  hours  oji^’ refluxing,  the  mixture  was  distilled  to  remove  the  methanol 
and  volatile  product.  The  distillate  was  acidified  and  extracted  to  remove 
31  g.  of  high  boiling  liquid  v/hich  could  not  be  distilled,  even  at  re- 
duced pressure,  because  of  serious  foaming,  ffi^solution  was  rendered  basic 
and  extracted  with  chloroform.  The  extract  was  fractionally  distilled  to 
give  4 g.  of  crude  amine,  b.p.  1 60-90°,  and  iO  g.  of  a fraction,  b.p, 

240°,  which  so.lidified  on  standing.  The  nickel  reagents  showed  the  amine 


and  therefore  were  not 
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to  be  primary.  The  solid,  m.p.  90-1®,  after  several  crystallizations 
from  Skellysolve  B and  a sublimation,  was  analyzed, 

anal.  Calcd.  for  C7H,  3MO:  C,  66.10;  H,  10.30;  N,  11.02;  H.V/., 

127.  Found:  C,  66.18;  H,  10.38;  N,  10.92;  il.V/.  1 60  (Hast). 

The  solid  showed  no  melting  point  depression  when  mixed  with  3, 3, 5“tri- 
methylpyrrolidone-2  from  the  original  cleavage  with  sodamide. 

A mixture  of  200  ml.  of  dry  dibutyl  ether  and  0.25  mole  of  sodamide 
v/as  heated  under  reflux  for  16  hours,  the  exit  gases  being  collected  in  a 
dry  ice  trap  filled  with  toluene,-  The  toluene  solution  was  w'ashed  succes- 
sively v/ith  cold  dilute  hydrochloric  acid  and  cold  v;ater  £uid  then  dried. 

An  acetic  acia  solution  of  1 g.  of  2,4-dinitrobenzenesulfenyl  chloride  vms 
added,  and  after  standing  for  four  days,  the  solution  was  poured  into 
water  and  the  toluene  evapor  ted  in  a current  of  air.  The  gummy  solid  v;as 
chromatographed  tvdce  to  give  ca.  0.1  g.  of  yellow  crystals,  m.p.  77-80°. 

A sample  of  autlientic  butene-1  adduct,  kindly  supplied  by  Dr.  N.  Kharasch, 
gave  m.p.  75"78°.  The  mixed  melting  point  was  75-6°, 

4- Amino-2. 2-dimethylr)entanoic  acid  hydrochloride.  - Two  grams  of 
3}  3, 5~tri;nethylpj’rrolidone-2  and  20  ml.  of  concentrated  hydrochloric  acid 
were  refluxed  for  2/^  hours.  The  solution  was  decolorized  and  evaporated  to 
dryness  in  vacuo.  The  product  was  washed  vdth  acetone  and  recrystallized 

several  times  from  ethanol-acetone  to  give  1.5  g. , m.p.  156-7°.  Haller 
29 

and  Bauer  report  m.p.  l64°.  The  n^-rrolidone  is  easily  regenerated  by 
neutralization  of  the  hydrochloride, 

.'uial.  Calcd.  for  C7H,  f,Cli'!02 : C,  4-.  28;  H,  3.88.  Found:  C,  46.12; 

H,  8.54. 

2 , 2-Dimethyl-A-Pentenanide  (XXIV).  - The  corresponding  nitrile  was 

prepared  in  6I/0  yield  by  alkylation  of  lithium  isobutjTonitrile  with  allyl 

78 

chloride  according  to  i,iegler.  The  nitrile  was  hydrolysed  by  heating 
5 g.  under  reflux  for  6 hours  ;;ith  a solution  of  1 5 g.  of  potassium  hydroxide 
in  100  ml.  of  ethylene  glycol  and  5 ml.  of  \;ater.  after  the  addition  of 
100  ml.  of  saturated  salt  solution  and  20  ml.  of  concentrated  hydrochloric 
acid,  the  solution  was  extracted  v/ith  methylene  chloride.  Distillation  gave 
5.3  g.  (90'/<>)  of  the  acid,  b. p.  104-8°  (20  mm).  The  amide  readil3’  sublimes 
at  70°  (20  mm)  to  give  large  sheets  which  are  invisibly  thin  and  show  strong 
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interference  colors. 

Anal.  Calcd.  for  C7H^gN0:  C,  66.10;  H,  10.30;  N,  11.02.  Foiind: 

C,  66.40;  H,  10.35;  N,  10.94. 

Sodium  (0.72  g. , 0.031  atom)  was  added  portionv/ise  to  50  ml.  of 
ammonia  containing  a crystal  of  ferric  nitrate.  After  conversion  to  sodamide, 
20  ml.  of  toluene  was  added  and  the  a'*imonia  was  allowed  to  evaporate.  A 
solution  of  2 g.  of  the  araide  in  15  ml.  of  toluene  was  added  (vigorous 
ammonia  evolution).  After  heating  under  reflux  for  4 hours,  the  solution 
v;as  cooled,  treated  vdth  5 ml.  of  acetic  acid  and  extracted  v;ith  saturated 
salt  solution.  The  toluene  solution  was  evaporated  to  small  volimie  and 
decolorized.  The  addition  of  Skellysolve  A and  chilling  gave  1 . 5 g.  i.15%) 
of  3j 3j 5"trimethylpyrrolidone-2,  m.p.  90-1°.  The  mixed  m.p.  with  authentic 
material  was  undepressed. 

Alternatively,  1.00  g.  (0.00737  mole)  of  the  amide  in  5 ml,  of  hot 
Skellysolve  E was  added  to  0.38  g.  (2  equivalents)  of  sodium  hydride  in 
5 ml.  of  Skellysolve  E at  30°.  After  the  vigorous  hydrogen  evolution 
subsided,  the  ;nixture  was  heated  under  reflux  for  1 hour,  during  which  time 
a gu  imy  sodiun  salt  went  into  solution,  leaving  about  one-half  of  the  original 
sodiuin  hydride  on  the  bottom.  The  mixture  was  cooled  and  decomposed  by  the 
portionwise  addition  of  1 .ml.  of  acetic  acid.  The  ir.ixture  was  filtered  and 
heated  to  Killing  to  codistil  traces  of  acetic  acid.  Cooling  deposited 
0.72  g.  (72, j)  of  3} 3j 5-tri.v.ethylpj’Trolidone-2. 

N-3enzyl-2.2-dimethyl-4~pentenamide.  - A solution  of  2, 2-dimethyl-4- 
pentenoyl  chloride  (from  2.56  g.  of  the  acid  and  4 inl.  of  thionyl  chloride) 
in  5 ml.  of  ether  was  added  portionv/ise  to  a solution  of  10  ml.  of 
benzylamine  and  20  ml.  of  v/ater  maintained  in  an  ice  bath.  The  product, 

3.5  g.  (8l/o)  was  recrystallized  from  Skellysolve  3 and  again  from  70/o 
methanol  giving  3.2  g.  of  material,  m.p.  55”6°.  Sublimation  at  the  v/ater 
pump  (l00°)  raised  the  m.p.  to  56-7°. 

Anal.  Calcd,  for  C7H,6C1‘TO2:  C,  46.28;  H,  7.77.  Found:  C,  46.12; 

H,  3.54. 

Treatment  v/ith  sodium  hydride  in  either  Skellysolve  E or  toluene  according 
to  the  procedure  for  2, 2-dimethyl-4-pe’'!tenaT'ide  gave  the  sodium  salt  as  a 
gum.  The  benzyla.;.ide  was  recovered  unchan  "ed  to  the  extent  of  77/j.  Mo 
other  product  was  isolated. 
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Pivalophenone  was  prepared  by  the  procedure  of  Willeraart,  in 
44/0  yield  by  the  addition  of  t-butylmagnesium  bromide  to  benzonitrile  and 
converted  to  the  oxirre,  m.  p,  l63~4®,  according  to  the  same  directions, 

Pivalanilide,  m.p.  1 33“5®,  was  prepared  from  aniline,  pivaloyl 
chloride,  and  pyridine.  Schroeter^^  reported  m.p.  132°. 

N-t-butylbenzainide , m.p.  134~6°,  was  prepared  by  the  Schotten- 
Baumann  procedure  from  t-butylamine  and  benzoyl  chloride.  Schroeter^*^ 
reported  m.p.  135.5°. 

Beckmann  rearrange-ient  of  pivalophenone  oxime.  - The  procedure  of 
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Drake  using  phosphorus  pentachloride  was  modified.  A solution  of  6.5  g. 
(0.0312  mole)  of  phosphorus  pentacliloride  in  50  ml.  of  benzene  was  added 
dropwise  with  stirring  over  a 20-;ninute  period  to  a solution  of  5.32  g. 
(0.030  moles)  of  the  oxime  in  100  ml.  of  ether  maintained  at  0°.  After 
the  addition,  the  mixture  was  allov/ed  to  stand  overnight  and  then  poured 
over  ice.  The  mixture  was  neutralized  and  the  organic  layer  distilled  at 
18  mm..  The  sole  product,  a liquid  b.p.  75°  (l8  :nm)  was  inferred  to  be 
benzonitrile  by  odor  and  b.p. 

Hydrogen  chloride  was  bub'^led  into  a solution  of  3.0  g.  of  pivalo- 
phenone oxime  in  20  ml.  of  acetic  acid  for  0.5  hour.  The  solution  was 
heated  under  reflux  for  2 hours,  cooled  and  poured  onto  ice.  The  solid 
was  collected  and  recrystallized  from  <apueous  methanol  to  give  2.1  g.  of 
pivalanilide  (70,-),  m.p.  134~5°.  The  comoound  did  not  depress  the  melting 
point  of  authentic  pivalanilide,  but  did  deoress  the  melting  noint  of 
N-t-butylbenzamide. 

Benzenesulfonyl  chloride  (8.1  ml.,  0.063  mole)  in  8 ml.  of  acetone 
was  added  with  stirring  over  a 5 minute  period  to  a fixture  of  10.64  g. 

(0.06  mole)  of  the  oxime,  60  ml.  of  acetone,  50  ml.  of  water,  and  5.5  g. 
(0.14  mole)  of  sodium  hydroxide  v.-hich  was  cooled  in  a water  bath  at  room 
temperature,  after  the  addition,  stirring  was  continued  for  1.5  hour  and 
then  the  mixture  was  heated  for  2 hours  at  40°.  '.'hen  100  ml.  of  v/ater  was 
added  to  the  oily  mixture,  crystallization  occurred,  acetone  was  removed 
at  fne  aspirator,  and  the  crystals  were  collected  and  washed  vfith  water. 
After  crystalll.zation  from  aqueous  ^iCthanol,  the  product,  m.p.  124“31°> 
weighed  7.62  g.  (72,c).  a recrystallization  from  aqueous  methanol  gave 
6.74  g.  (67/o),  m.p.  133~5°.  The  product  depressed  the  m.p.  of  pivalanilide, 
but  did  not  depress  the  m.p.  of  H-t-butylbenzaiiide. 
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The  compound  charred  when  treated  with  cone,  sulfuric  acid  at  room 
tenperature,  but  was  partially  hj'drolyzed  by  heating  a mixture  of  2 g.  in 
8 ml.  of  85/i  ohosnhoric  acid  with  3 drops  of  concentrated  hydrochloric 
acid  for  2L  hours  at  100°.  Tf/hen  cooled,  the  upper  liquid  layer  crystallized. 
The  crystals  of  benzoic  acid  v/ere  collected,  washed  v/ith  \\'ater  and  dried. 

The  crude  benzoic  acid,  m.p.  1l6-l8°  and  bicarbonate  soluble,  weighed 

0.7  g.  Dilution  of  the  phosphoric  acid  deoosited  unclinnged  a;nide,  insoluble 

in  bicarbonate, 

A solution  of  20  g.  of  amide  and  1.7  of  sodium  (6.5  equivalents) 
in  25  ml.  of  n-butanol  was  heated  under  reflux  for  3 hours,  ’/ater  (2  ml.) 
was  added  and  the  heating  was  continued  for  1 hour.  Excess  water  was  added 
and  the  butanol  was  removed  by  steam  distillation.  Unreacted  amide  (0.91 
g. ) was  filtered  off  and  the  solution  was  rendered  acidic.  Benzoic  acid, 
m.p.  121-2°  was  collected  in  the  amount  of  0.54  g. 

2-2-Dimethyl-5~phenoxyvalerophenone  (XXIII).  - To  an  ammonia  slurry 
of  sodaiaide  from  11.5  g.  (0.5  atom)  of  sodium  was  added  500  ml.  of  toluene, 
followed  by  the  dropwise  addition  of  1 1 1 g.  (0.75  mole)  of  isobutyroohenone. 
The  ara.ionia  was  evaporated  and  the  suspension  heated  under  reflux  for  1 
hour,  rtfter  cooling,  107.5  g.  (^.5  mole)  of  3" 'lienoxj'orooyl  bromide  in 
40  ml.  of  toluene  v;as  added  over  a 1-hour  period  with  stirring.  After  the 
addition,  the  mixture  was  kept  at  room  temperature  for  1 hour,  heated  on 
the  stea^ii  bath  for  18  hours,  and  then  he  ted  under  reflux  for  18  hours. 

At  this  point,  the  idxture  was  only  slightly  basic.  After  the  addition  of 
200  ml.  of  water,  the  organic  layer  was  separated  and  washed  several  times 
v.'ith  dilute  hydrochloric  acid,  followed  by  water,  . After  removal  of  solvents 
and  isobutyrophenone  at  the  aspirator,  the  solution  was  distilled  at  2 mm. 

The  proauct,  a yellow  oil,  was  collected  continuously  over  the  range 
70-200°  (major  fraction  142-162°).  The  distillate  contained  ca.  0.5  g. 
of  crystals,  which  were  acidic  and  nroved  to  be  benzoic  acid  (m.p.  and 
mixed  m.p.).  The  crude  phenone  was  nou  further  purified,  but  was  converted 
directly  to  thie  oxime. 

2, 2-Di.meth.vl-5~Phenoxyvalerophenone  Oxime.  - The  entire  quantity 
of  the  crude  phenone  was  dissolved  in  500  ml.  of  95/i  ethanol.  A solution 
of  21  g.  (0.30  mole)  of  hj'^droxyl amine  hydrochloride  and  41  g.  (0.30  mole) 
of  sodium  acetate  trihvdrate  In  50  ml.  of  water  was  added  and  the  scj.ution 
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was  allov/ed  to  cool.  The  bright  yellow  crystals  were  collected  and  washed 
with  Skellysolve  k,  which  removed  a yellow  tar,  leaving  white  crystals. 

The  tar  was  ai^ain  oximated  to  give  6 g.  more  of  oxime.  The  oxime  was  re- 
crystallized once  from  carbon  tetrachloride  and  again  from  10O/i  ethanol. 

The  product  weighed  56.7  g*  (3S/i  from  isobutyrophenone).  The  melting 
point  dropped  from  131~2°  to  129~30°  with  the  purification. 

Anal.  Caicd.  for  C,  gH23.-'J02 : C,  76.73;  H,  7.79*  Found:  C,  76.68; 

H,  7.78. 

An  unsuccessful  attempt  was  made  to  regenerate  the  pure  phenone  by 
trans-oxiaation.  Thus,  10.00  g.  of  oxime  was  dissolved  in  250  ml.  of 
acetone  (lOO  equivalents)  and  25  ml.  of  water  and  5 ml.  of  acetic  acid  were 
added.  After  a 2J+-hour  reflux  period,  water  was  added  and  9.27  g.  of  the 
unchanged  oxime  was  collected. 

The  phenone  was  successfully  regenerated  as  follows.  A solution  of 
9.22  g.  of  the  oxime  and  30  ml.  of  2N  hydrochloric  acid  (2  equivalents)  in 
200  inl.  of  2-propanol  was  heated  under  reflux  for  6 hours.  Vater  was  added, 
the  unchanged  oxime  (2.70  g. ) was  ranoved,  and  the  solution  was  partitioned 
between  water  and  Skellysolve  A.  After  rej^oval  of  the  Skellysolve  A,  the 
remaining  oil  was  distilled  to  give  5.77  g. > b.p.  154-166°  (2  mm).  Thus, 
the  hydrolysis  was  71 complete  and  the  yield  was  93/a  based  upon  unrecovered 
oxime.  The  yellovdsh  phenone  partially  solidified  upon  standing  (low 
melting  crystals)  but  was  at  least  90>1  pure  since  1 g.  gave  0.9  g.  of  oxime 
of  m.p.  129-30°.  The  mixed  m.p.  with  the  original  oxime  v;as  undepressed. 

N-3enzoyl-1  , 1 -diinethyl-4-Dhenoxybutylamine  (^vKIX).  - Ten  grams  of 
2, 2-dimethyl- 5-phenoxyvalerophenonc  oxime  (0.0335  mole)  v;as  added  to  a 
solution  of  50  ml.  of  acetone  and  25  ml.  of  water  containing  5.0  g.  (0.125 
mole)  of  sodium  hydroxide,  a solution  of  5 ml.  (0.0393  mole)  of  benzene- 
sulfonyl  chloride  in  5 ml.  of  acetone  was  added  over  a 5-minute  period  with 
stirring.  The  mixture  was  then  heated  to  45'^  and  stirred  at  that  temoerature 
for  2 hours.  The  mixture  was  neutralized  v/ith  acetic  acid,  and  100  ml. 
of  water  was  added.  The  crystals  v;ere  collected  and  recrj'^stallized  twice 
from  aqueous  methanol  to  give  8.42  g.  (84/i)  of  product,  m.p.  91-2°. 

Anal.  Caicd.  for  C,  gH23iv02:  C,  76.73;  H,  7.79.  Found:  C,  76.82; 

H,  7.98. 

A solution  of  1.5  g.  of  the  amide  and  20  equivalents  of  sodium 
n-butoxide  in  50  ml.  of  absolute  n-butanol  was  heated  under  reflux  for 
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6 hours.  Mater  (2  ml.)  was  added  and  heating  continued  for  1 hour,  '.'ater 
was  added  and  the  butanol  distilled  off.  The  remaining  mixture  was  extracted 
with  ether.  The  alkaline  solution  was  acidified,  precipitating:  benzoic  acid 
and  silica.  The  solid  precipitate  was  extracted  with  sodium  bicarbonate 
solution.  Acidification  pave  benzoic  acid,  identified  by  m.p.  and  mixed 
melting  point.  The  etlier  solution  v/as  extracted  with  dilute  hydrochloric 
acid  and  the  ether  evaporated  to  give  a solid  which  was  recrystallized  from 
chloroforra  Skellysolve  a to  give  0.7  g.  of  unchanged  a.rdde  (identified  by 
m.p.  and  mixed  m.p.).  The  acidic  extract  was  evaporated  to  dr;</ness  and  the 
residue  recrystallized  once  from  chloroform-ethyl  acetate  and  again  from 
ethylene  chloride  to  give  0.3  g.  of  1 , 1 -dimethyl-4-phenoxybutylamine 
hydrociiloride,  m.p.  173~4°.  The  extent  of  Iiydrolysis  was  47, j,  and  the  jd-eld 
of  an'.ine  salt  v'as  47/.  based  upon  unrecovered  araine. 

Anal,  Calcd.  for  C,2H2oClHO:  C,  62.73;  H,  8.77;  N,  6.10.  Found: 

C,  62.70;  H,  8.96;  I),  6.00. 

/ir.other  basic  hyd  rolysis  was  run  as  follov.’s,  A !iu.xture  of  1,0  g. 
of  amide,  5 g.  of  ootassium  hydroxide  (23  equivalents),  5 ml.  of  v;ater,  and 
45  mJ-.  of  ethylene  glycol  v;as  heated  linder  reflux  for  22  hours.  The  mixture 
v/as  then  acidified  with  1 5 ■«!.  of  concentrated  hydrochloric  acid.  The 
benzoic  acid  and  silica  were  re;  .oved  by  filtration  and  the  filtrate  was 
extracted  with  ether  to  re  .ove  ni;enol  and  the  remainder  of  the  benzoic  acid. 
(The  phenol  was  identified  as  the  tribromo  derivative).  The  aqueous  solution 
was  evanorated  to  dr^mess  in_  vacuo  and  the  residue  was  extracted  with 
acetone  to  remove  traces  of  glycol.  .lecr',’-stallization  from  chloroform- 
acetone  afforded  0.14  g.  (13/j)  of  the  amine  salt  (.m.p.  and  mixed  m.p.). 

Ho  amide  was  recovered  from  any  of  the  fractions. 

.‘\n  acid  hydrolysis  ■•’as  conducted  by  heat'-ng  a solution  of  2.97  g. 

(0.01  mole)  of  the  a:  ide  in  10  ml.  of  concentrated  hydrobromic  acid  under 
reflux  for  6 hours,  more  concentrated  hydrobromic  acid  (l0  .m.l.  ) v.'as  added 
and  the  solution  was  then  slov/lv  distilled  from  an  oil  bath  (145“55°)  for 
3 hours,  hater  was  added  to  the  residue  and  after  decolorizing  to  remove  a 
small  amount  of  tar,  the  solution  was  evaporated  to  dr;/ness.  The  solid 
(0.8  g. ) was  inferred  to  be  a j.ioniun  bromide  by  m.p.  >300°,  insolubility 
in  chloroform  and  evolution  of  atcuoniacal  gas  upon  dissolving  in  base.  The 
distillate  was  diluted  with  water  and  extracted  with  ether.  The  ethereal 
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extract  was  extracted  vdth  sodiiim  bicarbonate  to  remove  benzoic  acid  and 
with  sodium  hydroxide  to  remove  phenol.  The  ether  wa  then  evaporated, 
giving  a small  quantity  of  an  oil  with  a strong  nleasant  smell.  Sodium 
fusion  indicated  bromine,  but  no  nitrogen.  The  oil  could  not  be  induced 
to  crystallize,  and  ’.'as  not  fijrther  characterized. 

Acid  hydrolysis  of  N-t-butylbenzamide  and  t-butylamine.  - A mixture 
of  1.77  g.  of  I'-t-butylbenza;nide  and  10  ml.  of  concentrated  hydrobromic 
acid  was  distilled  from  an  oil  bath  at  1 50*^  until  9 ntL.  of  distillate  had 
been  collected.  Almost  Lnmediatel;'  upon  reaching  the  b.p.  the  originally 
clear  solution  became  cloudj''  and  separated  into  two  phases.  An  oil  passed 
over  in  the  distillate  for  about  20  minutes  and  then  stopped.  Benzoic  acid 
slowly  sublimed  throughout  the  distillation.  The  oil  was  decanted  from  the 
distillate,  washed  mth  water,  cind  dried  with  calcium  chloride.  The  b.p. 
was  detennined  to  be  73°.  "^he  oil  was  more  dense  than  v.ater  and  gave  an 
instantaneous  test  vdth  silver  nitrate.  These  observations  indicate  t- 
butyl  bromide,  b.p.  73°.  The  residue  (0.90  g. , 92,0  in  the  flask  was 
ammonium  bromide  (insoluble  in  chlorofora,  be'aavior  with  base).  It  was 
found  that  t-’-'Utyla dne  ’.-.'as  resistant  to  hydrolysis  under  identical  con- 
ditions. Thus,  no  cloudiness  was  noted  in  the  distillate  and  the  amine 
salt,  which  was  quantitatively  recovered,  v.-as  slightly  but  completely 
soluble  in  chloroform. 

Alpha  alkylation  of  nitriles.  - fdenyllitniui  i in  ether  v-.'as  pre- 

8l 

pared  in  half  molar  quantitj'’  according  to  the  directions  of  Oilman. 

After  cooling,  0.5  mole  of  calciam  hydride  dried  diethylamlne  was  added  over 
a period  of  5 ni.iutes,  followed  by  the  addition  of  0.5  mole  of  disubsti- 
tuted  acetonitrile  in  100  ml.  of  ether  (or  benzene  for  the  aryl  nitriles) 

over  a neriod  of  5 "linutes.  T!’e  ’netallation  exothermic  for  the  .'•r;/! 
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nitriles,  but  not  for  the  aliphatic  nitriles.  Gilman's  color  test  was 
negative  for  the  aryl  nitriles,  hut  positive  for  the  aliohatic  nitriles. 

The  solution  v/as  heated  to  the  l>oiling  ixiint  and  0.5  mole  of  ohenoxyethyl 
broiidde^^  was  added  dropwise  at  such  a rate  that  the  caoacity  of  the  con- 
denser vK'.s  not  exceeded.  The  aliphatic  nitriles  react  violently  and  the 
addition  requires  0.5  hr.,  but  ’•.'ith  the  aryl  nitriles  the  liromide  maj'’  be 
added  over  a period  of  5"10  minutes.  The  solution  ’.vas  refluxed  for  an 
additional  2 hours  and  then  cooled.  After  extraction  vath  water  and  dilute 
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hydrochloric  acid,  the  ether  and  benzene  were  removed  on  the  steam  bath 

and  the  aliphatic  nitriles  v;ere  distilled,  ’ihen  R was  phenyl,  methanol 

was  added  to  the  residue  and  the  crystals  v.'ere  collected.  This  procedure 

was  not  successful  v'l.en  R v;as  p-tolyl  because  the  crystals  melted  at  room 

tem’:!erature.  Therefore,  che  crude  tolyl  coianound  v/as  used  directly  in  the 

subseouent  step.  Table  1 lists  the  substituted  nitriles  prepared  by  this 

method,  llethoxyethyl  bromide  was  prepared  in  addition  in  26, i yield  by  the 

procedure  used  for  ethox3n:ropyl  bromide  (phosphorus  trihroinide  and  oyridine). 

1 G6 

other  workers  have  also  had  trouble  with  this  method  of  ^reparation. 
Diisopropylacetonitrile  was  alkylated  with  methoxyethyl  bromide  to  give 
31/i  of  product,  b.p.  129“32°  (24  mm). 

Table  II  - CaH^OCH,CH:»CR,CH 


Calc, 

Found 

R 

yield 

bo  ( lima) 

ni*  p« 

C 

H 

C 

H 

methyl 

88 

91-5° 

37-90 

76.15 

7.99 

76.00 

7.67 

ethyl 

75 

110-13° 

— 

— 

— 

— 

i sopropyl 

25 

1 24-8° 

— 

78.32 

9.45 

78.40 

9.25 

phenyl 

87 

— 

66-7° 

84.31 

6.11 

84.13 

5.80 

p -tolyl 

- 

— 

room 

temp. 

— 

— 

— 

Isobutyronitrile  was  also  alkylated  ’,vith  sodai.dde  prepared  by 
adding  11.5  g.  (0.5  atom)  of  sodium  piecevdse  to  a solution  of  0.2  g.  of 
ferric  nitrate  in  500  ml.  of  liquid  ammonia.  After  comnlete  conversion  to 
the  amide,  34.6  g.  (0.5  mole)  of  isobutyronitrile  was  added.  After  5 
minutes,  a solution  of  100.6  g.  (0.5  mole)  of  ohenoxyethyl  bro.mide  in  200 
ml.  of  ether  v/as  added  over  a 1 5— ’inute  neriod.  The  a : .onia  was  allo’'ed 
to  evaporate  and  stirring  was  continued  for  one  hour.  The  solution  v:a.s 
filtered  anc  the  salts  v/ere  washed  v.dth  ether.  The  ethereal  solution  was 
washed  with  dilute  hydroch.loiu  c acid,  then  water,  and  dried.  After  removal 
of  the  ether  on  the  steam  bath,  the  nitrile  was  left  as  an  oil,  which 
crystallized  on  cooling.  This  v/as  distilled  at  2 !m;i  to  give  56  g.  (5^a), 
b.p,  96-126°.  /'.fter  three  recrystallizations  from  Skellysolve  A,  38.5  g« 
(41ye>  yield  of  plates,  m.p.  37"9°,  were  obtained. 


56 

The  nitriles  were  reduced  by  adding  one  mole  of  nitrile  in  400  ml. 
ether  (benzene  when  h was  phenyl)  over  a period  of  30  minutes  to  a stirred 
refluxing  slurry  of  1.25  .'.’lole  of  litliium  aluminum  hydride  in  1800  ml.  of 
ether.  After  the  vigorous  reaction  during  the  audition,  heating  was  continued 
for  30  minutes  and  the  reaction  mixture  was  cautiously  decomposed  vdth 
5 moles  of  2-propanol,  follo'  ed  by  310  ml.  of  saturated  salt  solution. 

The  mixture  was  filtered  and  the  filter  cake  was  washed  with  ether.  The 
aliphatic  amines  were  obtained  bj''  distillation  and  the  aryl  substituted 
ajiiines  were  isolated  in  the  form  of  t/ieir  difficultly  soluble  hydrobromides 
by  the  addition  of  125  ml.  of  concentrated  hydro bromic  acid  to  the  ether 
solution.  The  mrified  aliphatic  a.-.ines  were  converted  to  their  hydrobromides 
and  crystallized  from  etli^'lene  chloride.  The  aromatic  h^-^'drobroniidcs  were 


crystallized  from  methanol.  These  compounds  are  listed  in  Table 
Table  III  - CAH^^CCHrsCHoCR^CH^MH?  and  Hydro  bromides 

III. 

o-Tolyl 

R 

iiethyl 

Ethyl 

Phenyl 

yield 

81 

80 

90 

88 

b.p.  (20mm) 

1 58-62° 

183-7° 

— 

— 

Hydrobromide  m.p. 

1 21  -2° 

0 

1 

0 

21  5-6° 

246-7° 

Calcd. : C 

52.56 

55.63 

66.33 

67.60 

H 

7.35 

8.00 

6.07 

6.62 

Found : C 

52.76 

55.90 

66.43 

67.71 

H 

7. 33 

8.22 

6.22 

6.82 

3, 3~diisopropylpyrrolidine  was  isolated  in  9/j  yield  v;hen  R was  isopropyl 
and  the  starting  material  was  recovered  in  85;i  yield.  The  hydrobromide, 
m.p.  1 24“5°  fro;.i  carbon  tetrachloride-ether,  gave  a poor  analysis,  un- 
doubtedly because  of  a hygroscopic  tendency. 

Anal.  Calcd.  for  CjoH-sBri'I:  C,  50.34;  H,  9.39;  h,  5.93.  Found: 

C,  50.29;  H,  9.49;  .••,  5.62. 

N-benzenesulfonyl-3, 3“diisopropylpyrrolidine,  m.p.  88-9°  from  Skellysolve 
B,  gave  a better  analysis. 

/Lnal.  Calcd.  for  C]gH25.'023:  C,  65.04;  H,  8.53*  Found:  C,  65.37; 


H,  8.62 
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The  isopropyl  compound  was  also  reduced  in  refluxing  tetrahj’drofuran,  using 
the  same  nrocedure  as  for  ether.  The  pyrrolidine  was  isolated  in  26, 1> 
jdeld  and  the  starting  material  was  recovered  in  49a  yield.  An  attempt  to 
reduce  the  isopropyl  comxjund  with  Raney  nickel  and  h3drogen  at  100°  and 
100  atmospheres  for  a period  of  4 hours  wns  imsuccessful.  The  starting 
material  was  recovered  ouantitatively. 

The  nitrile  reductions  were  also  tried  with  sodium  and  alcohol, 
using  the  same  procedure  as  that  used  for  the  reduction  of  phenoxybutyro- 
nitrile,  where  R was  methyl,  isopropyl,  and  nhenyl.  In  the  case  of  methyl, 
the  ideld  was  62,j,  but,  when  R was  isooropyl,  a Prussian  blue  test  for 
cyanide  ion  v;as  obtained,  and  after  extraction  of  a 0.  5/o  jdeld  of  the 
pyrrolidine,  the  reaction  mixture  wc’s  distilled,  giving  a distillate  of 
recovered  nitrile  (?6/j)  and  a crystalline  neutral  residue,  m.p.  1 1 4~5° 
from  carbon  tetrachloride-Skellysolve  3,  An  aiialysis  indicates  the  empirical 
formula  Cl  0. 3^22.  3* 

Anal.  Founds  0,  62.80;  H,  11.37;  W,  7.11. 

Reduction  of  the  phenyl  coi.’pound  gave  a very  heavy  cyar.ide  test  and  the  sole 
isolable  product  was  1 -phenoxy-3, 3~diphenylpropane,  m.p.  85-6°  from  ethyl 
acetate,  in  91a  yield. 

Anal.  Calcd.  for  CsiHjoC:  C,  87.46;  H,  6.99.  Founds  C,  87.10; 

H,  6.73. 

The  reduction  of  2,2-diisoDropyl-4~*!iethoxybutj’Tonitrile  v.dth  lithium 
alundnura  hydride  v;as  carried  out  in  boiling  ether  for  l6  hours  to  give  92a 
of  2, 2-diisopropyl-4”''iethoxybutylainine,  b.p.  1 32”6°  (24  mm). 

Dimethyl-  and  diethylacetonitriles.  - One  mole  of  the  acid  and 

I. 1  mole  of  thionyl  chloride  vrere  allowed  to  stand  overnirht  with  a boiling 
chip  to  facilitate  gas  evolution,  nfter  heating  on  the  steam  bath  for  15 
minutes  to  comolete  the  reaction,  150  ml.  of  etl.er  v/as  added  and  the  acid 
chloride  solution  v;as  drooped  over  a oeriod  of  one  half  hour  into  a stirred 
solution  of  4 moles  of  liquid  a -.lonia  in  400  ml.  of  tetrahydrofuran  cooled 
in  dry  ice-acetone.  After  adding  600  ~il,  of  Skellysolve  B,  the  red  slurry 
was  filtered  v/i.ilc  still  cold,  and  the  solid  was  washed  with  additional 
Skellysolve  3 to  remove  most  of  the  color.  After  adding  600  ml.  of 
Skellysolve  E,  the  filtrate  v.'as  evaporated  until  the  vapor  temperature 
reached  100°.  Cooling  gave  more  solid.  The  total  solid  so  collected  was 
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allowed  to  dry  and  was  suspended  in  400  ml.  of  chloTOform  and  1,2  mole  of 
thionyl  chloride  was  added.  The  mixture  was  heated  on  the  steam  bath 
until  hydrogen  chloride  evolution  completely  ceased  (4”8  hours).  Excess 
thionyl  chloride  was  destroyed  by  the  cautious  addition  of  enough  water  to 
dissolve  all  solids.  The  chloroform  layer  was  separated  and  washed  with 
% sodium  hydroxide  and  water.  Good  fractionation  gave  isobutyronitrile, 
b.p.  102-4°,  in  69fe  yield  and  diethylacetonitrile,  b.p.  141“3°,  in  S8/s 
yield.  The  recorded  values  are  b.p.  103.8°  and  142-6°  respectively, 

Di-p-tolylacetic  acid  and  nitrile.  - 1 ,1 -(Di-p-tolyl)-2,2,2-tri- 
chloroethane  was  prepared  by  the  sulfuric  acid  condensation  of  toluene  and 

o c 

chloral  according  to  the  procedure  of  Fischer  ^ in  54>S  yield,  ’■  .p.  86-7° 
from  2-propanol, 

The  hydrolysis  was  conducted  by  adding  0,5  mole  of  the  above  compoiind 
portionwiso  to  a still  not  solution  of  2,5  atoms  of  sodium  in  1 1.  of  re- 
distilled carbitol.  The  Mixture  was  heated  under  reflux  for  8 hours, . 

After  cooling  and  filtration  to  remove  salt,  the  bulk  of  tiie  carbitol  was 
reinoved  by  distillation  in  vacuo,  leaving  a thick  S3'rup  to  v'iri  ch  wa«s  added 
250  ml.  of  concentrated  hydrochloric  acid,  ’./ater  was  added  and  the  granular 
solid  was  collected,  washed  with  v.'ater  and  crystallized  from  100  ml,  80>» 
acetic  acid,  giving  68  g.  (51/o)  of  dense  stubby  needles,  ra.p,  143"4°. 

Fritsch  and  Feidmann  reported  m.p.  144°.  The  acid  chloride  was  prepared 
by  heating  0.246  mole  of  the  acid  with  0.28  moles  of  thionyl  chloride  and 

50  ml.  of  eth3’’lene  chloride  overnight  on  the  steam  bath  (the  reaction  feiils 
to  go  in  refluxing  chloroform).  The  solvent  was  removed  in  vacuo  and  60 
ml.  of  ether  was  added.  The  solution  was  added  over  a oeriod  of  0,5  hours 
to  a solution  of  85  ml.  of  concentrated  ammonia  and  120  ml.  of  2-propanol 

in  an  ice-methsuiol  bath,  keening  the  temperature  below  15°.  The  crude  amide, 
(98, j),  ra.p.  184~5°,  was  removed  by  filtration.  Dox  and  Thomas  reported 
ra.p.  190°.®'^ 

The  amide  was  dehydrated  by  heating  0.246  mole  with  0.295  mole  of 
thionyl  chloride  and  50  ml.  of  ethylene  chloride  on  the  steam  bath  for  6 
hours  (the  reaction  fails  to  go  in  chloroform).  The  solvent  was  removed 
in  vacuo . and  the  residue  was  taken  up  in  Skellysolve  B and  extracted  with 
10/a  sodiujn  hydroxide.  The  nitrile  was  distilled  to  remove  color.  Obtained 

51  g.  (94/a)  b.p.  l68°  (3  mm).  Crystallization  from  50  ml.  of  cold  methanol 
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gave  49  g.  m.p.  45.5-7°.  The  overall  yield  from  the  acid  was  88%.  Hoch 
reports  b.p.  212°  (18  The  nitrile  has  never  before  been  obtained  in 

solid  form. 

' DiisoProoylacetonitrile.  - Diisopropylc  ya  noacetic  ester  was  pre- 
pared by  adding  0.75  mole  of  cyanoacetic  ester  to  a warm  solution  of  0.75  g.~ 
atom  of  sodium  in  500  ml.  of  absolute  2-propanol.  The  solution  was  heated 
under  reflux  for  2 hours  after  the  addition  of  0.75  nnle  of  isopropyl  iodide. 

A boiling  solution  of  0.75  g. -atom  of  sodiian  in  500  ml.  of  absolute  2- 
propanol  was  added  rapidly  (before  it  cools  and  solidifies),  followed  by 
another  0.75  mole  portion  of  isopropyl  iodide.  After  three  hours  of  fur- 
ther boiling  850  ml.  of  solvent  was  removed  by  distillation  and  the  residue 
v;as  poured  into  water.  The  layers  ^vere  separated  and  the  product  was 
washed  with  10/i  sodium  hydroxide  to  remove  monoalkylated  product.  Upon 
distillation,  136  g.  (93/o)  b.p.  120-5°  (17  mm)  was  obtained.  Marshall 
reported  b.p.  238-41°.^'^  The  ester  was  slowly  distilled  from  tv/ice  its 
weight  of  potassium  hydroxide  oellets  in  a cooper  flask.  The  distillate 
was  redistilled  and  the  residue  was  distilled  ayain  from  potassium  hy- 
droxide. The  combined  distillates  were  fractionated  to  give  an  83%  yield 
of  diisopronylacetonitrile,  b.p.  l69~70°.  Marshall^^  reported  b.p,  170-1°, 

4-Bromo-2 , 2-dialkylbutylamine  hydro bromides  were  prepared  by  hydrolysis 
of  the  corresponding  ajvdno  ethers  with  concentrated  hydro  bromic  acid.  The 
methyl  and  ethyl  compounds  were  hydrolysed  according  to  the  procedure  for 
phenoxybutylai.dne,  and  were  recrystallized  from  chloroform.  Further  re- 
crystallization from  acetonitrile  ren.oved  a trace  of  color.  The  isopropyl 
compound  was  hydrolysed  according  to  the  saiae  procedure,  but  after  rerrioval 
of  the  bulk  of  hydrobromic  acid  at  the  water  pump,  the  remainder  was  removed 
in  a desiccator  over  potassiiun  hydroxide.  The  residue  was  taken  up  in  a 
aiall  volume  of  methylene  chloride.  The  addition  of  Skellysolve  B to  the 
point  of  cloudiness  and  chilling  deposited  4'^  of  fairly  pure  bromo  ar/dne 
salt,  m.p.  180-1°  d.  Addition  of  a large  excess  of  Skellysolve  B to  the 
filtrate  precinitated  3> 3"diisopropylpyrrolidine  hydro bromide  (36%).  The 
bromo  amine  salt  was  recrystallized  twice  with  85%  recovery  from  a mixture 
of  18  ml./g.  of  v;arm  (50°)  carton  tetrachloride  and  15  ml./g.  of  Skellysolve 
A. 

2,2-Diphenyl-4-phenoxybutyl3mine  hydrobromide  was  hydrolysed  by 
boiling  with  2 ml./g.  of  propionic  acid  v;hich  was  found  to  be  the  best 
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solvent  for  this  reaction  and  2.7  nil./g.  of  concentrated  hydrobromic  acid 
for  UB  hours.  2,2-Di-p-tolyl-4”phenoxybutylaniine  hydrobromide  was  boiled 
with  3 ml./g.  of  propionic  acid  and  2.7  -ml./g.  of  concentrated  hydrobromic 
acid  for  15  hours,  whereunon  another  2.6  ml./g.  of  concentrated  hydrobromic 
acid  was  added  and  the  heating  was  continued  for  a total  of  UB  hours.  The 
solutions  were  distilled  at  the  water  pump  to  remove  the  bulk  of  the  hydro- 
bromic and  propionic  acids.  Trituration  of  the  gummy  residues  with  ethyl 
acetate  extracted  dark  tars  leaving  behind  the  3^ 3“diarylpyrrolidine 
hydrobromides  in  colorless  crystalline  form.  The  gem-phenylpyrrolidine  salt 
was  obtained  in  72/o  yield  and  the  gem-p-tolylpyrrolidine  salt  was  obtained 
in  59/0  yield.  The  ethyl  acetate  extracts  were  evaporated  to  drjmess  in 
vacuo  at  a te;..perature  of  50°.  The  residues  were  further  dried  in  a desic- 
cator over  potassium  hydroxide  and  triturated  v/ith  dry  ether  to  extract 
tars.  This  procedure  left  the  crude  bromo  amine  salts  as  tan  oowders. 

These  were  taken  up  in  methylene  chloride  and  filtered  to  remove  the  in- 
soluble nsrrrolidine  salts.  Treatment  with  charcoal  removed  all  color  and 
the  solutions  v/ere  evaporated  aLnost  to  dr.'^-ness  at  40°  in  a current  of  air. 
The  addition  of  etnyl  acetate  precipitated  the  bromo  amine  salts  which 
were  recrystalli;-,ed  from  methylene  chloride-ethyl  acetate  to  give  material 
which  was  still  impure.  The  final  yields  in  both  cases  v;ere  3/i« 

All  of  the  4-bromo-2,2-disubstitutedbutylamine  hydrobromides  decompose 
at  the  melting  point.  After  hydrogen  bromide  evolution  is  complete,  the 
samples  may  be  chilled,  whereuoon  they  solidify  and  renelt  at  the  tempera- 
ture of  the  corresponding  pyrrolidine  salt.  All  behave  as  secondary 
amines  toward  benzencsulfonyl  chloride  and  the  nickel  reapents.  Table  IV 
lists  the  4“bromo-2,2-di substituted  butylamine  salts  and  Table  V lists  the 
corresponding  pyrrolidines  obtained  by  cyclization.  The  alkyl  pyrrolidine 
salts  were  crystallized  from  ethyl  acetate  and  the  sulfonamides  from  Skelly- 
solve  B.  The  aryl  pyrrolidine  salts  w'ere  crystallized  from  methanol  and 
the  sulfonamides  from  aoueous  acetone. 
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BrCH2CH2CR2CH2NH2  ♦ HBr 


R 

Methyl 

Ethyl 

Isopronyl 

Phenyl 

p-Tolyl 

yield 

93/i 

63/» 

40/a 

3-/5 

% 

m.p. 

l8B-9°d. 

• 

O 

T 

o 

l86-7°d. 

l94-5°d. 

241 -l°d. 

Calcd:  C 

27.61 

33.24 

37.87 

49.89 

52.32 

H 

5.79 

6.62 

7.31 

4.97 

5.6i 

Found:  C 

27.73 

33.44 

37.94 

52.22 

68.38 

H 

5.84 

6.62 

7.35 

5.85 

6.86 

Table  V 

3, 3“2isubstitutedpyrrt>lidines 


R 

Methyl 

Ethyl 

Isopropyl 

Phenyl 

p-Tolyl 

B.P. 

114-5" 

1 69-70° 

206-8° 

— 

— 

M.P. 

— 

— 

— 

oil 

41-2° 

Hydrobromide  103~5° 

61-2° 

124-5° 

251-2° 

230-1° 

Calcd.  C 

50.84 

63. 1 6 

65.06 

H 

9.39 

5.96 

6.67 

Found:  C 

50.29 

63.24 

65.23 

H 

9.49 

5.95 

6.45 

Benzenesul- 
f onainide 

49-50° 

37-8° 

88-9° 

127-8° 

1 00-1  ° 

Calcd:  C 

60.22 

62.88 

65.04 

72.70 

73.62 

H 

7.16 

7.92 

8.53 

5.82 

6.44 

Found:  C 

60.26 

62.70 

65.37 

72.98 

73.76 

H 

7.28 

• 7.86 

6. 62 

5.91 

6.42 

As- 

dimethylsucc; 

:.nic  anhydride  was  prepc 

ired  from  As- 

dimethyl sue  c ini c 

acid  which 

in  turn  vras 

nrepared 

by  the  method 

of  Smith  and 

Horv/itz®^  which 

was  modified  to  obtain  higher  yields.  The  acid  was  not  isolated  as  such, 
but  converted  directly  into  the  anhydride. 

A mixture  of  58  g,  (l  mole)  of  acetone,  li3  8*  mole)  of  ethyl 
cyanoacetate,  79  g.  (l  mole)  of  oyridine,  and  63  g.  (l  mole)  of  acetic  acid 
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was  heated  under  reflux  for  one  hour.  Next,  100  ml,  of  absolute  ethanol  was 
added,  and  the  heat  source  was  removed.  Immediately,  65  g.  (l  mole)  of 
potassium  cyanide  was  added  all  at  once,  whereupon  a vigorous  reaction 
ensued.  External  heating  was  resumed  for  one  hour.  After  cooling,  UOO  ml, 
of  3N  hydrochloric  acid  was  added  and  the  mixture  warned  to  bring  solids 
into  solution.  The  layers  were  separated  and  the  aqueous  layer  was  ex- 
tracted twice  with  ether.  After  removal  of  ether  from  the  combined  organic 
solution  on  the  steam  bath,  600  ml.  of  concentrated  hydrochloric  acid  was 
added  and  the  mixture  was  heated  under  reflux  for  24  hours,  after  which  time, 
another  150  ml.  of  concentrated  hydrochloric  acid  v/as  added,  the  heating 
being  continued  for  another  24  hours.  The  solution  was  chilled,  the  crystals 
collected  and  the  mother  liquor  evaporated  to  dr3mess  dji  vacuo.  All  r'-lid 
material  was  treated  three  times  with  hot  acetone  (600  ml.  total)  to  sepa- 
rate the  acid  from  ammonium  chloride.  The  major  portion  of  acetone  was  re- 
moved from  the  solution  by  distillation  at  atmospheric  pressure,  and  1 50 
ml,  (l.6  moles)  of  acetic  anhydride  v;as  added.  The  remainder  of  the  acetone 
was  then  removed,  as  well  as  some  acetic  acid,  by  distilling  until  the  vapor 
temperature  reached  120°.  The  heating  was  continued  for  a total  of  1 , 5 
hours,  and  then  the  solution  was  distilled  at  the  water  pump  to  give  86  g, 
of  the  anhydride  (67/i  overall  yield)  b.p,  ll0-ll8°(lS  nua),  Auwers®*^  gives 
b.p.  11 7°  (22  mm) . 

As-dimethyl succinimide,  - A solution  of  86  g,  (0.6?  mole)  of  the 
anhydride  in  100  ml.  of  ether  was  run  into  a mixture  of  300  ml.  of  ether 
and  46  g.  (2.7  mole)  of  liquid  anunonia  maintained  in  a dry-ice  bath.  The 
a’lotionia  v/as  allowed  to  evaporate,  and  the  ether  was  removed  on  the  steam 
bath.  Xylene  (500  ml.)  was  added,  and  the  mixture  was  heated  to  the  reflux 
temperature.  Continuous  slov/  distillation  removed  v/ater  formed  by  the 
cyclization  of  the  succinamic  acid  (formed  by  dissociation  of  the  ammonium 
salt).  After  0.5  hours,  all  solids  had  gone  into  solution,  and  within 
another  5 minutes,  the  clear  solution  suddenly  became  ooaque  and  deposited  a 
negligible  quantity  of  a solid.  The  hot  solution  was  filtered  and  chilled. 
The  crystals  were  washed  with  Skellysolve  A,  and  the  i.iother  liquor  was 
evaporated  and  chilled  again  to  give  a small  second  crop,  wnich  was  washed 
as  before.  The  yield  at  this  point  was  80. iv  g.  (94/-)  of  oily  crystals. 
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Three  crystallizatione  from  ethyl  acetate  lowered  the  yield  to  62.2  g. 

(73/0>  m.p,  ]07"9°.  The  m.p.  is  reported  to  bo  7 06°,^^ 

3. 3~dimethylpyrrolidine.  - Lithium  aluitiinura  hydride  (6l  g. , 7.6 
moles)  was  added  to  7.5  1.  of  tetrahydrofuran.  The  mixture  was  refluxed 
with  stirring  for  one  hour  to  bring  most  of  the  hydride  into  solution.  The 
solution  vfas  cooled  in  an  ice  bath,  and  a solution  57.2  g.  (0.45  mole)  of 
as-dimethyl succinimide  in  775  ml.  of  tetrahydrofuran  was  added  over  a ocriod 
of  20  minutes.  The  ice  bath  was  removed,  and  the  mixture  was  slowly  dis- 
tilled over  a period  of  one  hour,  7 1.  of  tetrahydrofuran  being  taken  off. 

The  mixture  was  decomposed  in  the  usual  way,  and  34.5  g.  (79/0  of  3,3“ 
dimethylpyrrolidine,  b.p.  7 7 4“1 5°C  was  isolated.  The  benzene sulfonamide  was 
prepared  by  the  Hinsberg  method  and  recrystallized  from  aqueous  methanol. 

It  melted  at  49“50°  and  the  melting  point  was  undepressed  by  admixture  vdth 
the  same  compound  (m.p.  49~50°)  prepared  from  2,2-dimethyl-4-bromobutyl- 
amine  hydrobromide.  Furthermore,  either  of  the  sulfonamides  effectively 
seeded  a solution  of  the  other.  The  sodium  reduction  was  conducted  by 
rapidly  adding  a solution  of  70  g.  (0.55  mole)  of  the  imide  in  505  ml. 

(5.5  mole)  of  2-butanol  and  350  ml.  of  diethylcello solve  to  a stirred  slurry 
of  726  g.  (5.5  atoms)  of  molten  sodium  in  250  ml.  of  diethylcellosolve. 

The  mixture  was  heated  under  reflux  for  one  hour.  The  excess  sodium  was 
destroyed  with  butanol,  and  then  500  ml.  of  v/ater  and  5OO  ml.  of  concentrated 
hydrochloric  acid  v;ere  added  successively.  Steam  distillation  removed  the 
solvents,  and  a small  amount  of  dark  insoluble  oil  was  removed  by  ether 
extraction.  A solution  of  7 00  g.  of  sodium  hydroxide  in  200  ml.  of  v/ater 
was  added,  but  ether  extraction  failed  to  separate  more  than  a trace  of  the 
amine,  so  the  basic  solution  was  stea:n  distilled  in  order  to  concentrate  the 
amine.  Sufficient  sodium  hydroxide  was  added  to  the  distillate  to  make  a 
kO/i  solution.  A layer  of  amine  failed  to  separate,  therefore,  the  solution 
was  extracted  with  o-toluidine  (since  ether  v;as  again  vuisuccessful) . 
Distillation  of  the  extract  gave  5 g.  of  a product  which,  after  two  further 
distillations,  had  b.p.  7^-S7°.  This  liquid  had  a strong  oineridine-like 
odor,  but  gave  negative  tests  for  orimary  and  secondary  amines  ’.rith  both 
benzenesulfonyl  chloride  and  the  nickel  reagents,  hhen  treated  with  methyl 
iodide,  a negligible  quantity  of  crystalline  material  deposited.  This  was 
too  soluble,  even  in  Skelly solve  B,  for  recrystallization. 
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The  stepvd.se  reduction  of  as-dimethylsuccinimlde  v/as  conducted  by 
rapidly  adding  a solution  of  49.1  g.  (0.39  mole)  of  the  indde  in  156  ml. 

(1.7  mole)  of  dry  2-butanol  to  a stirred  slurry  of  39.2  g.  (1.7  atom)  of 
sodium  in  80  ml.  of  toluene.  The  solution  v/as  heated  for  0.5  hours  after 
the  addition,  and  excess  sodium  v#as  destroyed  v/ith  ethanol.  The  solution 
vfas  chilled  in  ice,  and  150  ml.  of  v/ater  v/as  added,  follov/ed  by  142  ml.  of 
concentrated  hydrochloric  acid.  The  layers  v.'ere  separated,  and  the  aqueous 
layer  v/as  extracted  with  ether.  The  solvents  were  removed  from  the  com- 
bined organic  layers  in  vacuo.  The  residue  was  distilled  at  20  mm.  until 
crystals  started  subliming  (240°).  The  distillate  (b.p,  120-240°),  upon 
chilling,  deoo sited  crystals  identical  with  those  of  the  residue.  Fractional 
crystallization  of  the  distillate  and  the  residue  from  carbon  tetrachloride 
and  methanol,  respectively,  gave  1 g.  of  recovered  starting  material  and 
ca.  10  g.  of  cr^-stals,  m.p.  232-3°  with  the  empirical  formula  (C6H2N0)2. 

Anal.  Calcd.  for  C,  alh  i 64.84;  H,  8.1 6;  N,  12.6l;  ; W,  222. 
Found:  C,  64.45;  H,  8.30;  K',  12.14;  If-/,  240  (Hast). 

3. 3~Dimeth.vlglutaric  anhydride  was  prepared  by  a method  imoroved  T-dth 

respect  to  both  ease  of  manipaLation  and  yield  over  the  method  previously 
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described  in  the  literature  by  Vogel. 

A mixture  of  SCO  ml.  of  commercial  absolute  ethanol,  147  ml.  (2 
moles)  of  acetone,  and  450  ml.  (4.24  moJes)  of  ethyl  cyanoacetate  was  cooled 
to  -40°C.,  and  150  g.  of  liquid  ammonia  was  added.  The  solution  was  allowed 
to  warn  up  to  5°  and  placed  in  a refrigerator,  at  that  temperature,  for  12 
hours.  The  crystalline  mass  was  broken  up  and  the  flask  was  returned  to 
the  refrigerator  for  a four-day  period.  The  mixture  v/as  filtered  and  the 
crj'stals  washed  successively  with  ether  and  cold  ethyl  acetate. 

Upon  evaporating  the  mother  liquor  to  a small  voluiTie  arjd  adding 
ether,  a second  croo  was  obtained,  wivich  was  washed  as  before.  The  ai.cnonium 
salt  of  the  Guareschi  iird.de  amounted  to  369  C.  (69/j).  The  luinps  were 
broken  up  and  367  g.  (1.76  moles)  vms  added  slowly  (45  min.)  vdth  mechanical 
stirring,  to  880  ml.  of  cold  concentrated  sulfuric  acid  mainta ined  in  an 
ice  bath  to  keep  the  tejaperature  fro;n  rising  above  20°C.  After  all  .material 
had  dissolved,  the  bath  vras  removed  and  the  solution  was  al2ov.'ed  to  warm 
spontaneously  to  50°,  whereupon  it  v/as  cooled  to  38°.  It  remained  at  that 
temperature  for  3 hours  before  cooling  to  room  tenpru-ature.  The  stirring 


was  stopped,  and  the  clear  golden  solution  was  then  transferred  to  a 5“ 
liter  flask,  and  79?  of  water  and  20  ml.  of  concentrated  hydrochloric 
acid  were  added.  The  solution  was  heated  to  the  reflux  temperature  with  a 
verj'-  small  flame.  Soon,  a white  solid  deposited,  vfhereupon  serious  foaming 
ensued.  (The  frothing  seem.ed  to  be  a function  of  the  amount  of  white  solid 
present,  which  apparently  decarboxylates  and  goes  into  solution).  After 
48  hours,  all  solid  had  gone  into  solution.  The  solution  was  cooled  to 
0°  and  the  crude  dimethylglutaric  acid  was  collected  and  sucked  as  dry  as 
possible.  The  moist  crystals  were  dissolved  in  chloroform  and  decanted  from 
the  lower  layer  of  sulfuric  acid.  After  clarification  and  filtration, 

330  ml.  (3.5  moles)  of  acetic  anhydride  was  added  and  chloroform  was  removed 
by  distillation  until  a vapor  temperature  of  120°  was  reached.  After  being 
heated  under  reflux  for  a total  time  of  two  hours,  acetic  acid  and  anhydride 
were  removed  at  the  water  pump,  and  the  liquid  residue,  after  being  allowed 
to  cool  soraewnat,  was  treated  v/ith  a 50-50  mixture  of  Skellysolve  B and 
carbon  tetrachloride. 

The  light  tan  crystals  of  3»3"dimethylglutaric  anhydride  were  col- 
lected and  washed  with  more  of  the  50-50  solvent.  They  v.'eighed  169  g. 

(6O/J  overall  jdold  from  acetone,  m.p.  123”4°.  Vogel  reports  m.p.  125°.^^ 

If  a purer,  colorless  product  is  desired,  distillation  in  an  apparatus  de- 
signed for  the  distillation  of  solids  is  recoi  mended,  as  the  color  is 
difficult  to  remove  by  recrystallization, 

4. 4~Dimethylp[\’-rrolidone-2.-  Liquid  ammonia  (30  g. ) was  added  to  300 
;nl.  of  coiainercial  2--propanol  cooled  to  -/|0°C.  To  this  solution  was  added 
85.2  g.  (0.6  mole)  of  the  glutaric  anhydride  in  portions.  The  mixture  was 
allowed  to  warm  to  room  temperature  and  Skellysolve  A was  added  to  render 
the  slush  filterable.  The  crystals  of  amraonium  3, 3"dimethylglutaramate 
weighed  103.4  g.  (98>'i  yield). 

The  animonium  salt  was  dissolved  in  100  ;nl.  of  water,  and  24.1  g. 

(0.59  mole)  of  sodium  hydroxide  was  added  as  a 50, 'i  aqueous  solution.  Boiling 
expelled  ammonia,  leaving  a solution  of  the  sodium  salt,  A 0.25  M solution 
of  chlorine  was  prepared  by  collecting,  in  2,3?0  ml.  of  cold  10,»  sodium 
hydroxide,  the  chlorine  generated  from  37.9  g.  of  potassium  permanganate 
and  41  5 ml.  of  concentrated  hydrochloric  acid.  To  this  solution  was  added 
the  glutaramate  solution  and  the  mixture  was  warmed  to  40°.  Thereupon,  the 
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temperature  rose  spontaneously  to  50°.  The  beaker  was  vnranped  in  newspaper 
to  insulate  it  and  allowed  to  stand.  At  the  end  of  2.5  hours,  the  tempera- 
ture had  fallen  to  38°,  and  the  solution  was  then  neutralized  with  455  ml. 
of  concentrated  hydrocliloric  acid,  and  allowed  to  stand  overnight.  Even 
after  being  saturated  with  salt,  it  was  not  possible  to  extract  any  product 
from  the  solution  with  cliloroform,  and  therefore,  the  solution  v/as  concen- 
trated to  a very  sina''l  volume  (the  precipitated  salts  were  washed  with  ace- 
tone and  the  distillate  was  strongly  acidified  and  evaporated  to  dryness 
and  the  residue  was  neutralized,  so  that  no  product  was  lost  by  this  opera- 
tion), and  extracted  with  n-butanol.  The  butanol  solution  of  the  combined 
products  was  distilled  at  18  mm.,  yielding  ca.  5 g.  of  very  oily,  crude 
crystails  (b.p.  150-155°)  which  were  too  soluble,  even  in  Okellysolve  B, 
for  further  purification. 
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Isopronylidinecyanoacetic  ester.  - The  directions  of  Cope  using 
ammonium  acetate  as  a catalyst  were  modified  in  the  first  two  runs.  In 
the  first  run,  using  acetic  anhydride  to  remove  water,  the  starting  materi- 
als were  recovered,  no  product  being  isolated.  In  the  second  run,  using 
calcium  carbide  to  remove  water,  a soft  golden  resin  was  the  sole  reaction 

product,  A third  run,  using  a modification  of  the  procedure  of  Birch  and 
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Kon,  was  successful.  A mixture  of  81  ml.  (l.1  moxe)  of  acetone,  1 06 
ml.  (l  mole)  of  ethyl  cyanoacetate  and  2.3  g.  of  ammonium  acetate  was  allowed 
to  stand  for  three  days.  The  v/ater  layer  v;as  removed  b;;-  distilling  the 
mixture  until  the  vapor  reached  90°.  Benzene  was  added  and  the  mixture 
distilled  until  the  va’^or  reached  100°.  One  gram  of  ammonium  acetate  and 
30  ml.  of  acetone  v/ere  added  and  the  mixture  allovmd  to  stand  for  two  days. 
The  water  was  removed  by  the  above  procedure.  This  process  was  repeated 
twice.  The  niixture  was  distilled  to  give  120  g.  of  product  (78, i)  pf  b.p. 
116-132°  (20  ram).  Crystallization  occurred  upon  standing.  Reported  b.p, 

99-1 01 °C.  (9ram).^^ 

Ethyl  2-Cyano-3.  3~dimethyl-4~r.itrobutanoate  (XXXIII ),  A trial  run 

using  a catalj-i-ic  amount  of  Triton  B gave  only  a 44>j  jdeld  of  product. 

Since  the  anion  of  nitromethane  is  the  reactive  species,  it  was  decided  to 
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follow  the  method  of  Kohler,  using  the  sodium  salt  of  nitromethane. 

To  a solution  of  23.7  g.  (0.44  mole)  of  commercial  sodium  methoxide 
in  250  ml.  of  absolute  methanol  was  added  64  ml.  (1.2  mole)  of  nitromethane. 
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The  mixture  was  shaken  to  break  up  lumps  of  the  sodium  salt  and  6l  .2  g. 

(0.4  mole)  of  isopropylidine  cyanoacetic  ester  was  added.  The  mixture  was 
shaken  until  all  solid  had  gone  into  solution  (2  min. ).  The  solution  was 
cooled  and  30  ml.  of  glacial  acetic  acid  was  added.  After  standing  for  40 
hours,  a solution  of  10  ml.  of  concentrated  ammonia  in  200  ml.  v/ater  v/as 
added  and  the  layers  were  separated.  The  aqueous  layer  was  extracted  three 
times  with  chloroform  and  the  combined  organic  solutions  were  dried.  The 
solvent  was  removed  at  the  aspirator,  and  the  remaining  oil  was  distilled 
at  2 ircn.  Material  distilling  in  the  range  107“H5°  was  collected.  The 
yield  was  63  g.  (74/«).  Bahner  reports  b.p.  110-111°  (l  mm).^^ 

Basic  Hydrolysis  of  Ethyl  2-Cyano-3. 3~dimethyl-4-nitrobutanoate. 

(unsuccessful).  - In  two  runs,  previous  to  the  development  of  the  synthesis 

of  the  nitro-pster  as  given  above,  the  nitro-ester  was  nrepared  according 
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to  the  ;nethod  of  Kohler,  and  hydrolyzed  without  isolation. 

To  a solution  of  5.6  g.  (0.24  atom)  of  sodium  in  1 50  ml.  of  absolute 
methanol  was  added  32  ml.  (0.6  mole)  of  nitron ethane.  The  mixture  was 
shaken  to  disperse  the  salt  and  30.6  (C.2  mole)  of  isopropylidine  cyanoacetic 
ester  was  added.  After  further  shaking  for  several  minutes,  all  suspended 
salt  had  gone  into  solution.  Tv;enty  mdlliliters  of  glacial  acetic  acid  was 
added  and  the  solution  was  saturated  with  hydrogen  chloride  (103  g. ). 

After  tlie  mixture  had  stood  for  one  hour,  it  was  poured  into  a mixture  of 
ice  and  1 50  g.  anhydrous  sodium  carbonate.  The  mixture  was  extracted  with 
benzene  and  the  benzene  v/as  reanoved  on  the  steam  bath.  The  resulting  ester 
was  hydrolyzed  by  adding  a solution  of  32  g.  of  sodium  hydroxide  in  70  ml. 
of  v/ater  and  refluxing  the  mixture  for  2 hours  (immediate  evolution  of 
ar.imonia  was  noted).  After  cooling  in  ice,  70  ml.  of  concentrated  hydro- 
chloric acid  was  added  dropwise  with  stirring  over  a 1 5~minute  period,  and 
after  standing  overnight  to  insure  atta'.nment  of  equilibrium,  the  acid  was 
decar bo xylated  by  distilling  the  mixture  to  dryness  and  heating  to  200° 
for  45  minutes.  The  resulting  solid  was  extracted  vdth  ether  and  the  ether 
solution  was  then  extracted  with  a sodium  carbonate  solution.  The  basic 
solution  was  acidified  and  extracted  with  ether.  After  distillation  of  the 
ether,  toluene  and  Norite  were  added  and  the  solution  was  filtered.  After 
adding  Gkellysolve  A,  the  solution  v/as  chilled,  yielding  less  than  one  gram 
of  crude  pale  yellov/  acid,  m.p.  105”8°.  It  v/as  not  felt  v/orthwhile  to  further 
characterize  or  analyze  the  product  in  view  of  the  low  yield  obtained. 


68 


To  a solution  of  8.8  g.  (0.22  mole)  sodium  hydroxide  in  50  ml.  of 
water  was  added  21.4  g.  (0.1  mole)  of  ester.  A clear  yellow  solution  was 
obtained,  which  was  heated  under  reflux  for  19  hours  (anuuonia  was  still 
being  evolved  and  crystals  of  ammonium  carbonate  had  deposited  in  the 
condenser),  bince  the  solution  was  quite  brown  by  this  time,  it  was  felt 
that  it  would  be  best  to  work  it  up  without  completing  the  hydrolysis. 
Therefore,  13  ml.  (0.22  mole)  of  glacial  acetic  acid  was  added  and  the 
solution  was  allowed  to  stand  overnight  to  reach  equilibrium.  After  adding 
12  ml.  each  of  sulfuric  acid  and  water,  a heavy  brown  sludge  was  removed  by 
filtration  and  the  solution  extracted  with  ether.  After  drying  and  clari- 
fication of  the  extract,  the  ether  was  distilled  off  and  toluene  and  5 ml. 
of  piperidine  were  added  to  effect  decarboxylation,  after  boiling  for  two 
hours,  the  mixture  was  extracted  with  sodium  carbonate  solution  and  the 
extract  treated  with  Norite.  Acidification,  further  c’ecolorization,  and 
chilling  of  the  solution  de'.xjsited  only  sodium  chloride.  None  of  the 
organic  acid  vdth  m.p.  105~8°  could  be  isolated. 

Acid  Hydrolysis  of  Sthyl  2-Cyano- 3, 3-dimethyl -4-nitrobutanoate. 
(Unsuccessful).  - A mixture  of  21.3  g.  (0,1  mole)  of  the  ester,  25  ml.  of 
hydrochi.oric  acid,  and  25  ml.  of  methanol  was  refluxed  for  nineteen  hours. 
The  mixture  v/as  diluted  vath  v;ater  and  extracted  with  ether.  The  ether 
solution  v/as  extracted  with  sodium  carbonate  solution  (evaporation  of  the 
ether  left  8,4  g.  of  neutral  oil  which  may  have  been  the  unreacted  ester). 
The  carbonate  solution  was  acidified  and  extracted  with  ether.  After  re- 
moval of  the  ether,  tlie  material  was  heated  to  170°  for  0.5  hour  to  effect 
decarboxj'Iation.  Toluene  was  added  and  the  solution  was  extracted  with 
sodium  carbonate  solution.  The  ether  was  displaced  with  toluene  on  the 
steam  bath.  >ifter  adding  Skellysolve  A and  chilling,  3 grains  of  white 
crystals  were  deposited  (m.p.  136-8°).  This  compound  proved  to  be  as- 
dimethyl succinic  acid,  m.p,  138~9°. 

The  toluene  solution  of  the  decarbox;”’lation  oroducts -after  the  car- 
bonate extraction  was  heated  under  vacuum  to  remove  the  toluene,  leaving 
2 g.  of  neutral  oil.  This  is  presumably  2, 2-dr,nethyl-4-nitrobutyronitrile, 
since  hydrolysis  vrith  concentrated  hjxirochloric  acid  gave  a product  of 
m.p,  139-41°  shovang  no  depression  v.'hen  udxed  vdth  as-dimethyl succinic  acid 
from  the  decarboiijdation. 
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Another  run,  using  concentrated  hydrochloric  acid,  dioxane  and  21.4 
g.  of  the  ester,  after  refluxing  for  100  hours,  jd. elded  several  grams  of 
ammonium  chloride  and  0.8  g.  of  crude  as-dimethylsuccinic  acid,  m.p, 

1 31 -6°. 

The  Curtius  Reaction  of  3, 3-Dimethylglutaric  Anhydride.  (UnsuccessfiJ.) 
A mixture  of  7.2  g.  (0.11  mole)  of  sodium  azide,  14.2  g.  (0.1  mole)  of  the 
anhydride,  and  100  ml.  of  dry  n-butyl  ether  v/as  stirred  in  a water  bath 
which  was  rapidly  heated  from  60®  to  100®C,  No  gas  evolution  was  observed, 
so  the  mixture  was  cooled  and  5.7  ml.  (0,1  mole)  of  glacial  acetic  acid 
v/as  added.  The  mixture  was  again  heated.  Vigorous  gas  evolution  began  at 

85°C.  The  mixture  was  maintained  at  100®C  for  0.5  hour,  and  then  was  heated 
to  the  reflux  temperature  and  held  there  for  0.5  hour,  ’/ater  and  5 g.  of 
sodium  hydroxide  were  added  and  the  butyl  ether  was  steam  distilled.  The 
aqueous  solution  was  neutralized,  saturated  with  salt  and  extracted  with 
ether.  Evaporation  of  the  ether  left  1 g.  of  crude  oily  product,  m.p« 

50-55°C.  Because  of  the  low  , yield,  this  oroduct  was  not  further  charac- 
terized. 

The  Preparation  and  Hofmann  Degradation  of  3. 3~Di:!^ethyl.g:lutara]nic 

Acid.  - Fifty  mil  .iliters  of  2-butaj-jol  v;ere  cooled  to  -40®  and  5 g.  of 
liquid  aminonia  was  added,  followed  by  14.2  g.  (0.1  mole)  of  3, 3~di:nethyl- 
glutaric  anhydride.  The  mass  v/as  allov/ed  to  come  to  room  temperature. 

After  one  hour,  the  solid  was  collected  and  washed  v.ath  Skellysolve  A, 

The  yield  was  1?=3  g.  (9S.,i  yield)  of  a ii.ioriiuiii  salt. 

One-third  of  a solution  of  20.4  g.  (0.8B5  atom)  of  sodium  in  450 
ml,  of  absolute  methanol  was  added  to  a solution  of  52  g.  (0.295  mole)  of 
the  anionium  salt  in  300  ml.  of  absolute  methanol,  and  the  solution  was 
boilet  “ " ' 15  niinutes  to  expel  the  a monia.  The  solution  was  cooled  and  the 
remainder  of  the  met!  oxide  solution  v/as  added,  immediately  followed  by  15.1 
ml.  (0.195  iriole)  of  bro.dne.  The  solution  v/as  placed  on  the  steam  bath  for 
15  minutes  to  co  olete  the  reaction.  The  bulk  of  the  methanol  was  removed 
in  vacuo,  100  ml.  of  water  was  added,  and  the  mixture  was  extracted  with 
benzene.  Removal  of  the  benzene  from  the  solution  left  55.8  g.  (quantitative 
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yield)  of  a pale  yellow  highly  viscous  oil.  Distillation  at  2 ram  gave 
59  g.  of  a distillate  iidth  h.p.  130~58°C  and  6.5  g.  of  residual  tar.  The 
distillate  partially  crystallized  upon  standing.  The  neutral  fraction  of 
3j  3“diinethylglutari;iiide  m.p,  144~5°  was  removed  by  ether  extraction  from  a 
slightly  alkaline  solution.  Acidification  of  the  basic  solution  followed 
by  extraction  and  distillation  yielded  a colorless  cind  extremely  viscous 
oil  b.p,  1/+0-5°  (2  ram),  which  did  not  crystallize,  A low  neutralization 
equivalent  of  1 71  was  obtained  for  this  purified  material.  It  was  found 
impossible  to  prepare  insoluble  mercury,  lead,  silver  or  S-benzylthiuronixmi 
salts.  The  sodium  salt  prepared  in  absolute  butanol  separated  as  an  oil 
after  the  alcohol  was  completely  displaced  with  anhydrous  toluene  by  dis- 
tillation, and  the  solution  cooled  in  dry  ice.  The  oil  eventually  turned 
into  an  oily  semi-solid  mass,  which  could  not  be  successfully  recrystal- 
lized because  of  its  high  solubility. 

A derivative  was  prepared  by  hydrolysis  of  the  urethane  function. 

Thus,  5.7  g.  v/as  refluxed  for  4 hours  with  33  lal.  of  30/o  sodixim  hydroxide. 

To  the  solution  was  added  50  ml.  of  water  Md  6 ml.  of  benzoyl  chloride. 

The  mixture  was  shaken  until  the  reaction  was  over  and  then  acidified. 

The  oily  precinitate  was  found  to  be  only  partially  soluble  in  sodium 
bicarbonate  and  therefore,  all  neutral  material  was  removed  by  ether  ex- 
traction from  alkaline  solution,  after  acidification,  the  solid  was  col- 
lected and  recrystallized  tvdee  from  aqueous  methanol  and  once  from  chloro- 
form-hexane. The  acid  melted  at  n7“'*20°C,  and  gave  a neutralization  equiva- 
lent of  239.  (Calcd.  for  C6H5C0raCH2C(CH3)2CH2C02H  is  235). 

Preparation  and  Hofmann  Degradation  of  iiethyl  3. 3~Diniethylglutaramate. 
(Unsuccessful)  - A solution  of  80  g.  (0.56  mole)  of  3, 3~dimethylglutaric 
anhydride  in  50  ml.  (1.24  mole)  of  absolute  methanol  was  refluxed  for  4 
hours.  Distillation  gave  9-5  g.  (98,i  ^deld)  of  the  monomethyl  ester,  b.p. 

1 46“56°C  ( 1 8 ram) . 

A mixture  of  56.6  g.  (0.325  mole)  of  the  monomethyl  ester  and  38.5 
ml.  (0.49  mole)  of  thionjd  chloride  was  allowed  to  stand  overnight  at  room 
temperature.-  after  heat.’.ng  on  the  steam  bath  for  10  minutes,  the  bulk  of 
the  excess  thionyl  chloride  was  removed  under  reduced  pressure.  Dry  benzene 
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was  added  and  distilled  off  at  reduced  prersure  to  remove  the  last  traces 


of  thionyl  chloride. 

The  crude  acid  chloride  was  dropped  slowly  into  100  ml.  of  concen- 
trated ammonia  with  stirring.  The  temperature  was  maintained  below  20°C, 

\'ri.th  a salt-ice  bath.  Extraction  and  distillation  gave  k6,5  g.  (83/9 
overall)  of  the  amide,  b.p.  110-15°  (2  mm).  A solution  of  12.4  g.  (0.54 
atom)  of  sodium  in  390  ral.  of  absolute  methanol  was  added  to  a solution  of 
46.5  g.  (0.27  mole)  of  the  amide  in  240  ml.  of  absolute  methanol.  Immediate- 
ly, 15.5  ml.  (0.27  mole)  of  bromine  was  added  and  the  solution  was  heated 
for  1 5 minutes  on  the  steam  bath.  The  solution  was  neutralized  with  acetic 
acid.  The  bulk  of  the  methanol  was  removed  vacuo  and  sufficient  water 
was  added  to  dissolve  precipitated  salts  and  induce  crystallization  of  the 
water  insoluble  product.  Twenty  grams  of  oily  crystals  were  thus  col- 
lected (fraction  I).  A second  component  which  remained  in  solution  despite 
the  addition  of  more  water,  was  isolated  in  the  form  of  oily  crystals  by 
saturating  the  solution  with  salt,  and  extracting  the  solution  with  chloro- 
form. After  di solacing  the  chloroform  with  Skellysolve  C and  cooling, 

1 3 g.  of  oily  crystals  were  collected  (crude  3»3“dimethylglutarimide). 

Fraction  1 , -after  several  recrystallizations  from  aqueous  methanol 
and  several  subsec aent  recrystallizations  from  chloroform,  was  obtained  in 
the  form  of  asbestos-like  fibers  v/ith  m.p.  269°C.  This  neutral  compound 
contained  bromine  and  gave  the  follovdng  results  upon  analysis. 


Found: 

c. 

26.2; 

H, 

3.1  5 

N, 

4.3 

Calcd. 

for 

C7H2Br2N02 

c. 

28.1  ; 

H, 

3.0; 

N, 

4.7 

Calcd. 

for 

OgHi ] Br2N04 

C, 

27.8; 

H, 

3.2; 

N, 

4.1 

Since  this  compound  failed  to  depress  the  melting  point  of  caiiiphor,  a Hast 
molecular  v'eight  could  not  be  deteniined.  The  identity  of  the  compoiind  was 
not  further  established. 

2.2-Dimethylbutanediol-1 ,4  (XXXVI).  - A solution  of  64  g.  (0.5  mole) 
of  as-dimethylsuceinic  anhydride  in  100  jnl.  of  ether  was  slowly  added  to  a 
refluxing  slurry  of  23.7  g.  (0.625  mole)  of  lithium  aluminum  hydride  in 
one  liter  of  ether.  The  mixture  v/as  heated  under  reflux  for  one  hour 
after  the  addition.  The  mixture  was  cooled  in  ice  and  decor, iposed  with  191 
ml.  (2.5  mole)  of  2-prcpanol.  after  adding  156  ral.  of  saturated  salt 
solution,  the  mixture  was  filtered  and  the  filter  cake  was  washed  vrith 
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ether.  The  filtrate  was  distilled,  giving  44.8  g.  (76y^)  of  glycol,  b.p. 
229~33°.  The  reported  b.p.  is  123°  (10 

1 .4~Dibromo-2, 2-dimethyl butane  (XXXVII)  was  prepared  by  adding 
70.3  g.  (0.595  mole)  of  the  glycol  X20CVI  in  31.4  ml.  (0.4  mole)  of  dry 
pyridine  dropwise  to  114  ml.  (1.2  mole)  of  phosphorus  tribroraide  at  room 
temperature.  After  the  addition,  the  mixture  was  stirred  at  130°  in  sin  oil 
bath  for  2.5  hours.  The  reaction  mixture  was  cooled,  poured  onto  ice  and 
extracted  with  chloroform.  The  chloroform  solution  was  filtered  to  remove 
solid  material  and  extracted  with  ]/a  sodium  hydroxide  until  the  aqueous 
layer  remained  basic.  The  chloroform  solution  was  then  extracted  ;d.th 
concentrated  sulfuric  acid  to  remove  unreacted  glycol  and  bromoh’'t1rin,  and 
then  washed  vrith  water  and  di'ied.  Distillation  afforded  20.5  g.  of  product 
(14.5,0,  b.p.  108-12°  (22  inm). 

1 -Bromo-2, 2-diniethyl-4~phthalir~.idobutane  (XXXVIII ) was  prepared  by 
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adding  10  g.  (0.055  iiole  of  potassium  phthaliniide^  to  a solution  of  13.3  g. 
(0.055  mole)  of  the  dibromide  XiN-iiVII  in  60  ml.  of  dimethyl formamide.  The 
solution  was  heated  on  the  steam  bath  for  1.5  hours,  and  then  A5  ml.  of 
chloroform  was  added  and  the  solution  v;as  poured  into  100  ml.  of  water. 

The  aqueous  phase  was  separated  and  extracted  vath  chloroform.  The  combined 
chloroform  solutions  were  washed  with  dilute  sodium  hydroxide  and  water, 
and  dried.  The  chloroform  was  removed  on  the  steam  batli  and  the  residue 
was  distilled  at  the  water  pump  to  remove  4.6  g,  of  an  oil  which  passed 
over  arDund  65°.  This  oil  was  unsaturated  to  bromine  and  to  permanganate 
and,  because  of  the  boiling  point,  must  be  a broiiio  hexene.  The  residue 
solidified  upon  cooling  and  v;as  crystallized  from  Skellysolve  d to  give 
9.0  g.  (52.9/i)  of  product,  ra.p.  60-1°. 

Anal.  Calcd.  for  C]  ^BrivOa : 54.20;  H,  5.20;  N,  4.52.  Found: 

C,  54.41 ; H,  5.09;  N,  4.35. 

4-Bromo-3. 3-dimethylbutylamine  Hydrobromide  (XXXIX)  was  prepared  by 
boiling  a mixture  of  9 g.  (0.029  mole)  of  the  Gabriel  nroduct  XXXVIII, 

29  ml.  of  concentrated  hydrobromic  acid,  and  29  ml.  of  acetic  acid  for 
5 hours.  The  solution  v/as  chilled  and  the  phthalic  acid  was  collected  and 
washed  ^idth  a minimum  quantity  of  acetic  acid.  The  filtrate  was  evaporated 
to  drjTiet's  in  vacuo  on  the  steam  bath  and  the  residual  traces  of  solvent 


v/ere  removed  in  a desiccator  over  potassium  hydroxide.  The  proeuct  was 
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crystallized  from  acetonitrile  (12  ml.  per  g. ) to  give  4.5  g*  (6C?fa)  of 
pure  material,  m.p.  245-6°  d. 

Anal.  Calcd.  for  CgHj sBr2N:  C,  27. 6l;  H,  5.79.  Found:  C,  27.54; 

H,  5.56. 

Treatment  with  benzenesulfbnyl  chloride  and  aqueous  sodium  hydroxide  gave 
N-benzenesulfonyl-3, 3“dimeth3’’lpyrrolidine,  m.p,  49“50°.  The  mixed  melting 
point  with  authentic  material  was  undepressed. 

Hydroxypival aldehyde  (XL)  was  prepared  from  formaldehyde,  isobutyr- 

1 QQ 

aldehyde  and  potassiuin  carbonate  using  the  procedure  of  Kapp. 

2. 2- DimGthvl-4~nitro-3~butenol-1  Various  procedures  for  condensing 
hydroxypivalaldehyde  with  nitromethane  v;ore  tried,  using  sodium  hydroxide 
and  methoxide  and  diethylamine  as  contlensing  a.ents.  The  best  procedure 
follov.'s.  The  aldehyde  (4S.3  g. , 0.473  mole),  25.4  ml.  (1  equiv. ) of  re- 
distilled nitromethane  and  48.7  nd..  (l  equiv.)  of  dry  diethylamine  V'ere 
allowed  to  stand  for  5 hours  at  room  temperature.  The  mixture  was  acidified 
with  acetic  acid  and  partioned  betvreen  ethyl  acetate  and  saturated  salt 
solution.  Distillation  afforded  51  g.  (66, j)  of  nitro  glycol,  b.p.  80- 

180°  (2  mm).  Dehydration  was  accomolished  by  heating  12.4  g.  (0.076  mole) 
vath  l6.2  ini.  (0.l67  mole)  of  acetic  anhydride  to  a temnerature  of  120°, 
whereupon  an  exotherraic  reaction  set  in,  raising  the  temperature  to  151°. 

In  5 minutes  the  solution  had  cooled  to  120°,  This  temperature  was  main- 
tained by  external  heating  for  an  additional  10  minutes.  The  mixture  was 
taken  up  in  ether  and  extracted  with  water.  Distillation  gave  10.4  g. 

(73/)  of  nitroalkene,  b.p.  103-115°  (2  mm), 

3. 3- Dimethyl -4-hydroxybutylamine  (XLIIl),  - A solution  of  10.3  g. 
(0.05  mole)  of  tne  nitroalkene  in  25  ml.  of  t et ra hydro furan  was  added  to  a 
slurry  of  6.3  g.  (0.1 65  role)  of  lithium  aliunlnum  hydride  in  100  ml.  of 
tetrahydro furan  over  a 1 5 minute  period  with  cooling  in  a water  bath.  After 
an  0. 5 hour  reflux  period  the  reaction  was  worked  up  in  the  usual  manner 

to  give  4.1  g.  (64..)  of  product,  b.p.  122-7°  (24  nu.i).  This  material  formed 
an  oxalate,  m.p,  214°  d, 

4~3roino-3,  S-diinethylhutylamine  Hydrobromide  (XXXIX),  (Unsuccessful), 
Thionj-l  bromide  was  prepared  from  thionylchloride  and  hydrogen  bromide  by 
the  orocedure  of  Elderfield, ^ Thus,  0,2  g.  of  the  ajrdno  alcohol  (XLIIl) 
in  5 nil,  of  dry  benzene  was  treated  with  an  equivalent  of  thionj'-l  bromide 
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in  5 ml.  of  dry  benzene  over  a 3"hour  period.  The  mixture  was  stirred  for 
an  additional  3 hours.  The  solution  was  evaporated  vacuo , giving  a 
giunmy  dark-colored  solid.  This  was  treated  with  sodium  hydroxide  and 
bensenesulfonyl  chloride,  giving  a trace  of  N-benzenesulfonyl-3, 3"dimethyl- 
pyrrolidine  (m.p.  and  mixed  m.p.). 

Acetoxynivaldehyde  was  prepared  on  a /^.-mole  scale  by  adding  toluene 
to  the  methylene  chloride  solution  of  hydroxypivalaldehyde,  as  obtained  in 
the  nreviouslv  used  nrocedure,  and  codistilling  off  the  water.  Next,  410 
ml.  of  acetic  anhydride  was  added  over  a period  of  30  minutes  to  the  boiling 
solution.  The  heating  was  continued  for  an  additional  hour  and  the  excess 
anhydride  was  decomposed  by  the  addition  of  alcohol.  The  solution  was 
extracted  with  v/ater  and  dilute  base.  Distillation  gave  305  g.  (53/0 
of  product  b. p.  85-105°  (l8  mm)  and  a considerablj’^  effervescing  residue. 

The  material  was  redistilled  twice  at  atmospheric  pressure  to  give  120  g. 
(2l/o)  b.p.  180-8°  (lit.  b.p.  a considerable  low  boiling  forerun 

and  residue.  The  low  boiling  material  was  fractionated  to  give  isobutyl 
acetate,  b.p,  111-114°.  Sasic  hydrolysis  gave  isobutyl  alcohol,  b.p, 

105"8°,  which  vras  treated  with  phenyl  isocyanate  to  give  the  phenyl  urethane 
of  iso butyl  alcohol,  m.p,  86°. 

The  attanoted  condensation  of  acetoxyoivalaldehyde  with  nitromethane 
was  conducted  by  adding  0.22  mole  of  nitromethane  to  a solution  of  0.2  atom 
of  sodium  in  1,50  ml.  of  absolute  methanol,  follov/ed  by  the  addition  of  0.2 
moles  of  the  aldehyde  in  50  ml.  of  absolute  methanol  over  a period  of  15 
minutes,  keecing  the  temnerature  around  10°  by  cooling.  The  v/hite  salt  of 
nitromethane  soon  v/ent  into  solution  giving  a golden  color.  The  solution 
was  cooled  to  0°  and  0.4  mole  of  acetic  acid  was  added  dromdse.  The 
solution  was  allowed  to  stand  overnight  and  then  partitioned  between  water 
and  chloroform.  At  18  mm. , material  distilxed  continuously  up  to  110°. 

At  1 mm  the  residue  distilled  continuously  from  95°  to  140°  giving  only  l6  g. 
of  a mixture. 

Opening  of  As-dimethyl succinic  Anhydride  With  Amines.  - A solution 
of  12.8  g.  (0.1  mole)  of  as-dimethylsuccinic  anhydride  in  50  ml.  of  ether 
was  added  to  5 g«  (0.3  mole)  of  liouid  anmonia  in  50  ml.  of  ether  with  dry 
ice  cooling.  The  precipitate  (l6.0  g, , 99/0  was  collected,  pov/dered,  and 
slowly  added  as  a suspension  in  100  ml.  of  tetrahydrofuran  to  a rc?fluxing 
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slurry  of  1 2 g.  (0.316  mole)  of  lithium  aluiiiinum  hydride  in  200  ml.  of 
tetrahydrofuran.  Violent  evolution  of  ammonia  occurred.  After  11  hours  of 
heating,  250  ml,  more  of  tetrahydrofuran  was  added,  but  the  voluminous 
solid  failed  to  dissolve,  after  a total  reflux  time  of  2U  hours,  the  re- 
action v.'as  worked  up  by  adding  2-propanol  and  a minimum  amount  of  water 
(no  hydrogen  came  off).  The  slush  was  centrifuged  and  the  supernatent 
liquid  v/as  distilled,  giving  1.85  g.  (l6/i)  of  a)nino  alcohol,  b.p.  11?- 
121°  (21  mm).  The  nickel  tests  v/ere  positive  for  a priv.ary  amine  and 
negative  for  a secondary  aiiine. 

The  Hinsberg  reaction  gave  N-benzenesulfonyl-3, 3~dimethylpyrrolidine 
(m.p.  and  mixed  m.p.  with  authentic  material)  and  a trace  of  a base- 
soluble  sulfonamide,  m.p.  93“4°* 

The  amino-alcohol  (0.5  g, ) was  added  to  10  ml.  of  concentrated 
hydrobiomic  acid  and  the  solution  v/as  distilled  from  an  oil  bath  at  150° 
until  7 nil.  of  distillate  had  been  collected.  The  remaining  liquid  was 
removed  iji  vacuo  and  the  residue  was  extracted  vri.th  ethylene  chloride, 
leaving  a gum.  The  ethvlene  chloride  solution  was  chilled  and  the  crystal- 
line product  v;as  recrystallized  from  acetone  several  tines,  decreasing  the 
initial  m.n.  from  186-7®  d.  to  lS2-4°d.  This  compound  gave  no  m.p. 
depression  when  mixed  with  authentic  4-bromo-2, 2-dimethyl butylamine  hydro- 
bromide, m.p,  188-9°  d.,  in  vandng  proportions.  That  these  compounds 
were  identical  was  proved  both  by  the  fact  that  both  gave  the  same  Hinsberg 
product,  and  also  by  the  Debye-bcherrer  powder  teclinique.  Thus,  6.8  hour 
exposures  to  an  X-ray  source  operating  at  30  kv  and  15  ma  with  a copper 
target  and  nickel  filter  gave  powder  diagrams  which  v/ere  comnletely  super- 
impo  sable, 

A preliminary  run  in  v/hich  both  succinanic  acids  were  obtained 
(subsequent  runs  failed  to  afford  any  more  than  one  isomer)  was  carried 
out  by  adding  a solution  of  6,4  g.  (0.05  mole)  of  the  anhydride  in  25  ml, 
of  ether  to  3 g.  of  liquid  ajornonia  in  25  ml.  of  tetrahydrofuran  in  a dry 
ice  bath.  After  removal  of  excess  a,.monia  by  ’oiling  on  the  steam  bath  for 
a short  while,  water  and  4.2  ml.  of  concentrated  hydrochloric  acid  were 
added.  The  three-phase  system  (solid  plus  2 liquid  phases)  v/as  filtered 
to  remove  the  low€;r  melting  solid,  and  the  organic  la.^'er  was  separated  and 
evaporated  to  dr^mess  to  give  crude  higher  melting  solid.  Both  materials 
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were  found  to  be  insoluble  in  all  solvents  except  water  and  alcohols,  in 
which  they  are  quite  soluble.  Both  were  recrystallized  from  2-propanol, 

(a,  m. p.  124-5°;  b,  m.  p.  136-7°)»  Both  of  these  compound.*?  are  cyclized  to 
the  known  succinimide,  m.p.  106-8°,  by  brief  heating.  Both  acids  depressed 
each  others  melting  point  as  well  as  the  m.p.  of  the  succinic  acid  (m.p. 
136-8°).  The  major  croduct  was  the  low  melting  isomer.  Other  runs  were 
made  in  which  the  airanonium  succinimate  was  treated  v/ith  methanolic  sodi\im 
hj'-droxide  to  give  the  sodiiim  salt,  which  was  recrystallized  several  times 
from  methanol.  The  free  acid  was  liberated  by  treatment  with  the  theo- 
retical quantity  of  sulfuric  acid  in  2-propanol.  Yields  were  low,  perhaps 
because  of  acid  catalysed  cyciization.  Re crystallization  losses  we  -e  also 
great.  It  v.-ould  seem  that  an  ion  exchange  column  would  be  the  only  satis- 
factory method  of  separating  these  acids. 

Phenylhydrazine  in  benzene  at  room  tenperature  converts  the  anhydride 

to  the  hydrazide-acid,  m.p.  185-6°  d.,  in  95/'->  yield.  This  material  is 

homogeneous.  Heat  converts  it  to  the  cyclic  hydrazide,  m.p.  132-3°.  Levy 

1 02 

and  Englander  report  m.p.  131“2°  for  this  compound. 

The  hydrazide  (23.6  g.,  0.1  mole)  susoended  in  100  ml.  of  tetra- 
hydrofuran  was  slowly  added  to  a stirred  refluxing  slurry  of  17.1  g. 

(0.45  mole)  of  lithium  aluminum  .hydride  and  400  ml.  of  tetrahydrofuran. 

•U.1  organic  matter  remained  in  solution.  After  the  addition,  the  mixture 
was  heated  under  reflux  for  1 hour,  cind  then  decomposed  with  2-propanol 
and  a minimum  of  water.  After  removing  the  inorganic  precioitate  by 
centrifuging,  the  solution  was  distilled  at  27  mm.  ALnost  all  of  the 
material  passed  over  in  the  range  116-128°.  The  material  was  taken  up  in 
acetone  and  oxalic  acid  was  added.  Only  a very  small  quantity  of  material, 
m.p.  185°,  precinitated.  This  was  slig.htly  soluble  in  acetone,  in  contra- 
distinction to  the  oxalates  of  aniline  and  ohenylhydrazine,  and  reduced 
Benedicts  solution,  as  does  phenylhydrazine.  This  salt  is  perhaps  a sub- 
stituted hydrazine  oxalate. 

1 03 

2, 2-Dimethylpropanediol-l ,3  (XLVIII ).  - The  procedure  of  Meyersbury 
was  modified  sli^^htly.  To  a solution  of  5 moles  isobutyraldehyde  and  850 
ml.  of  35/i  formaldehyde  (10.7  moles),  was  slowly  added  vath  cooling  a 
solution  of  21  3 g.  (3.3  mole)  of  potassium  hydroxide  in  1700  ml.  of  95>o 
ethanol.  After  standing  for  I6  hours,  the  alcohol  was  distilled  off,  the 
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solution  was  saturated  with  sodium  chloride  and  extracted  with  n-butanol. 

The  solution  was  distilled  and  the  fraction  of  b. p.  120-93°  was  collected 
and  treated  v;ith  a mixture  of  carbon  tetrachloride  and  chloroform.  The 
crystals  v;ere  collected  and  recrystallized  twice  from  carbon  tetrachJoride- 

chlorofonn  to  give  243  g.  (47/o)  of  m.p.  129-31°.  Meyersburg  lists  m.p. 

1 03 

130°.  The  low  yield  was  due  to  the  use  of  old  formaldehyde. 

2.2- Dimethylpropanediol-1 ,3  Monotosylate  (XLIX).  - Commercial 
tosylcnloride  was  purified  by  dissolving  200  g.  in  250  ml.  of  benzene. 

The  solution  was  decanted  from  insoluble  solids  into  a separatory  funnel 
and  v/ashed  with  50  ml.  of  sodium  hydroxide,  followed  by  50  ml.  of  saturated 
sodium  chloride.  The  solution  was  dried  with  ;x>tassixm  carbonate  and 
decolorized  with  a small  o.uantity  of  charcoal.  The  solution  was  evaporated 
to  a small  volume.  Skellysolve  B was  added  and  the  solution  v;as  chilled, 
giving  170  g.  (8O/0)  of  colorless  needles. 

The  procedure  of  Sekers  and  Marvel' was  used.  A solution  of  10.4 
g.  (0.1  mole)  of  the  glycol  in  32.2  ml.  (0.4  mole)  of  dry  pyridine  was 
cooled  to  20°  while  a solution  of  19  g.  (0.1  mole)  of  tosyl  chloride  in 
50  ):il.  of  dry  ether  was  added  over  a period  of  0.5  hr.  After  the  mixture 
had  been  stirred  for  3 hours  at  room  temperature,  the  pyridine  was  removed 
by  neutralliziny  ^nth  30  ml.  of  concentrated  hydrochloric  acid  and  washing 
the  ether  solution  with  water.  The  ether  was  displaced  with  methanol  on 
the  steiUii  bath  and  water  w s added  to  the  point  of  cloudiness.  Chilling 
deposited  5.4  g.  of  oily  cr5'’stals  of  the  ditosylate  (unaffected  by  acetic 
anhydride)  which  was  recrystallized  from  aqueous  acetone,  m.p.  11 6-1 20°. 
Acidition  of  more  water  to  the  mother  liouor  gave  the  monotosylate  as  an  oil 
v/hich  was  used  directly  in  the  next  step. 

The  oil  was  dissolved  in  65  ml.  of  95yi  ethanol  and  a vsolution  of 
7.9  g.  (0.12  mole)  of  potassium  cyanide  in  21  jnl.  of  water  was  added.  After 
a 14“hour  reflux  period,  the  mixture  was  extracted  with  benzene  and  the 
benzene  solution  v'as  distilled  at  the  aspirator.  fJo  volatile  material 
passed  over  at  the  expected  temperature  of  100°,  and  at  a bath  temperature 
of  200°,  pyrolysis  of  the  unchanged  tosylate  commenced. 

2. 2- Dimc-thyl-3~methoxYpropanol-1 . - Sodium  (11.5  g.  j 0.5  atom)  was 
dissolved  in  a solution  of  57-3  g.  (0.55  mole)  ri'  2,2-dimethylpropanediol-1  , 
3 in  300  ml.  of  absolute  t-amyl  alcohol.  The  solution  was  cooled  and 
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46  ml,  (0.75  mole)  of  methyl  iodide  was  added  and  the  mixture  was  stirred 
for  3 hours  at  room  temperature,  ^/ater  was  added  and  the  organic  layer  was 
separated  and  dried.  Jistillation  gave  30.3  g.  of  product,  b.p.  150-60°, 
and  14.2  g.  of  unreacted  glycol.  The  yield  was  73^,  based  on  unrecovered 
glycol. 

2 . 2- Dimethyl-4~methoxybutyronitrile  (Ll).  - A solution  of  49  g. 

(0.256  mole)  of  tosyl  chloride  was  added  to  a solution  of  30.3  g«  of  the 
above  alcohol  (0.256  mole)  in  129  nil.  (1  mole)  of  pyridine  and  after  1 
hour  on  the  steai  bath,  the  mixture  was  treated  with  water  and  75  ml.  of 
concent- rated  hydrochloric  acid  and  extracted  with  Skellysolve  B.  The 
Skellysolve  v/as  rr;.noved  on  the  stc-am  bain  and  the  32  g.  of  residue  was 
taken  up  in  200  ml.  of  ethylene  glycol.  After  the  addition  of  11.8  g, 

(1.5  equivalents)  of  potassium  cysuaide,  the  solution  was  distilled  until 
the  distillate  was  no  longer  cloudy.  The  2-phase  distillate  was  partitioned 
between  water  and  Skellysolve  A.  The  organic  solution  was  senarated  and 
distilled,  giving  3.1  g.  (l0>o)  of  oil  of  b.p.  about  170°. 

2.2- Dimethyl-4-methox.ybutylamine  (LIl).  (Unsuccessful)  - The  total 

quantity  of  nitrile,  plus  forerun  and  residue  in  20  ml.  of  2-butanol  was 
added  to  a stirred  slurry  of  4 g.  of  molten  sodiujn  in  20  ml.  of  toluene, 
after  decomposition  with  ethanol,  'water  and  20  ml.  of  concentrated  hydro- 
chloric acid  were  added  and  the  solvent  -v^'as  distilled  off.  After  treatment 
with  charcoal,  the  solution  w'as  made  basic  and  the  aa^'ine  extracted  with 
benzene.  The  benzene  solution  was  extracted  v.dth  dilute  hydro  bromic  acid 
and  the  extract  was  evaixirated  in  vacuo,  gi-ving  about  5 g.  (60“7j)  of  very 
hygroscopic  crystals  of  the  iiydrobromide.  The  nickel  tests  were  jXDsitive 
for  a priiiiary  aiiiine  and  negative  for  a secondary  amine.-  The  Hinsberg  test 
gave  a base-soluble  oil,  which  resisted  crystallization.  Concentrated 
hydrobromic  acid  was  distilled  from  the  salt  to  give  a hygroscopic  solid 
resembling  the  original  salt.  A anall  portion  was  treated  with  the  nickel 
reagent  after  prior  neutrallization  with  sodiujn  bicurbv:>nate  and  gave  a 
strong  test  for  a nrimary  amine.  Therefore,  not  much  3, 3“dimethyl-4- 
bromobutylamine  hydrobromide  was  formed,  if  any.  The  salt  was  toiled  with 
anhydrous  hydrogen  bromide  in  acetic  acid  for  I6  hours,  and  after  re:noval 
of  the  solvent  vacuo . the  dark  residue  was  treated  with  benzenesulfonyl 

chloride  and  aqueous  base  to  give  a black  oil  insoluble  in  base.  (Acidi- 
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fication  of  the  reaction  mixture  precinitated  nothing,  so  no  orimary  amine 
had  survived  the  hydrolysis).  The  black  oil  was  chromatogranhed  on  alumina 
from  3:7  c;.irhon  tetrachloride-Skellysolve  B to  give  a crude  yellowish  solid, 
which  was  fractionally  oiled  from  carbon  tetrachloride-Skellysolve  B to 
give  a colorless  but  still  impure  solid,  m.p,  52-64°.  This  material  liqui- 
fied when  mixed  with  authentic  N-ben2enesulfonyl-3,3“dimethyl  pyrrolidine. 

Methyl  alpha-bromo  iso  butyrate  was  prepared  in  8?/o  yield  by  the 
Hell-Volhard-Zelinsky  method,  using  the  directions  of  Saunders.  An 
atteir>nt  to  alkylate  acetonitrile  with  this  halide  on  an  0.5  mole  scale 
using  the  lithium  diethylaiiiic’e  method  as  outlined  previoasly  failed.  The 
addition  of  the  bromide  to  the  white  suspension  of  metalated  nitrile  was 
an  initially  vigorous  reaction,  but  the  vigor  soon  subsided  and  the  contents 
of  the  flask  progressively  turned  to  a black  tar  which  stopped  the  stirrer. 
The  tar  and  the  clear  sapernatent  ether  solution  v/ere  worked  up  separately. 
The  tar  v/as  separated  into  acidic,  basic,  and  neutral  fractions,  but  these 
fractions  were  just  as  black  and  tarry  as  the  original  tar.  Distillation 
of  the  ether  fraction  left  a si:.all  solid  rerddue  after  removal  of  unreacted 
broiidde.  This  residue  was  crystallized  from  Skellysolve  E,  and  recrystal- 
lized from  aqueous  methanol.  Sublimation  at  140°  (20  inm)  gave  2 g.  of  a 
neutral  compound,  m.p.  153-4°.  iUialysis  gave  C,  42.32;  H,  5.23;  N,  12.65, 
corresponaing  to  03.985.71^02.8. 

Kinetic  Studies  - All  chemicals  and  reagents  were  reagent  grade. 

All  volumetric  v;are  was  calibrated. 

To  carry  out  a run,  an  excess  of  buffer  solution  was  prepared  by 
v/eighing  out  the  requirea  components,  making  up  aLnost  to  volume  with 
distilled  water,  and  placing  the  volumetric  flask  in  a well-stirred 
tnemostat,  adjusted  to  30.00°  ^ 0.01.  After  coming  to  temperature,  the 
volume  was  adjusted  to  the  mark.  The  proper  broraoarnine  hydrobromide  v/as 
weighed  out  roughly  to  give  100  ml.  of  appro xi.mately  0.01  M solution, 
transferred  to  a 100  ml.  volumetric  flask,  and  placed  in  the  thermostat, 
after  coming  to  temperature,  the  buffer  solution  v/a.s  added  almost  to  the 
mark;  the  flask  v;as  sl.’nken  until  the  solution  was  homogeneous,  and  returned 
to  the  bath.  The  first  sample  taken  v/as  used  as  the  initial  point.  Five 
ml.  samples  viere  v/ithdrav/n  with  a oipet  for  anal'-'sis  and  discharged  (the 
time  was  taken  at  the  mid  point  of  the  discharge)  into  1 ml.  of  3 N nitric 
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acid  (to  stop  the  reaction)  and  5 drops  of  a saturated  solution  of  ferric 
ammonium  sulfate  in  IN  nitric  acid  added.  Immediately  before  titration, 

5 ml.  of  approximately  0,021  N silver  nitrate  was  added,  and  the  excess 
silver  nitrate  titrated  with  potassium  thiocyanate  solution  (approximately 
0.012  N).  The  infinite  time  values  were  obtained  by  averaging  the  titer  of 
three  samples  each  of  which  had  been  allowed  to  stand  with  1 ml.  of  8 N 
sodium  hydroxide  for  about  10  seconds  before  2 ml.  of  8 M nitric  acid  had 
been  added  and  \;hich  had  been  treated  thereafter  as  described  above. 

The  rate  constants  were  calculated  by  averaging  the  slopes  calculated 
from  the  initial  point  to  each  successive  point.  Points  obviously  in  error 
were  discarded.  The  data  for  each  run  are  given,  all  at  30°C. 

I 1 4-Bromo-2,2-dimethylbutylamine  hydrobromide,  I»r./  = 261.03 

I Run  No.  1 I Buffer:  CH3COONa  = l.OOOj  CH3C0OH  = 1.000;  KNO3,  none. 

V^=  0.556  i .002  ml.,  KSCN. 

First  point  at  3’ 45"  after  mixing. 


t 

sec . 

Vt-'U 

1oe(\-V„) 

lo^  k 

^ exp 

X 10^(sec7^ ) 

» 

0 

4.496 

3.940 

0.59550 

0 

1218 

3.651 

3.095 

0.49066 

0.10434 

1.98 

2475 

2.920 

2.364 

0.37365 

0.22185 

2.06 

4230 

2.218 

1 .662 

0.22063 

0.37487 

2.04 

6735 

1.568 

1 .012 

0.005 18 

0.59032 

2.02 

9305 

1.121 

0.565 

-0.24795 

0.84345 

2.08 

ave 

2.04  - 0.06 

Run  No . 2 

4-Bromo-2, 2-dimethylbutylamine 

hydrobromidc,  FPN  = 

= 261.03 

duller 

: un3  0uuiMa 

- U.5U0;  ori3 

COOH  = 1.000;  KNO3 

- 0.500 

Vo,= 

0.576  ± 0.0 

ml.,  KSCN 

First 

point  at  5 

'10"  after  mixing. 

0 

4.561 

3.985 

0.60043 

0 

I815 

3.913 

3.337 

0.52336 

0.07707 

0.977 

3617 

3. 363 

2.807 

0.44824 

0.15219 

0.971 

5395 

2.949 

2.373 

0.37530 

0.22513 

0.961 

7090 

2.589 

2.013 

0.30384 

0.29659 

0.963. 

9060 

2.269 

1.693 

0.22866 

0.37177 

0.944 

1 1010 

1.976 

1.400 

0.14613 

0.45430 

0.950 

12850 

1.735 

1.159 

O.O64O8 

0.53635 

0.961 

14615 

1.560 

0.984 

-0.00700 

i..  60743 

0.956 

ave 

0.963  t 0.014 

Denotes 

points 

rejected  in  averaging. 
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sec. 


V -V 
t «> 


log(V^-V^)  log 


Vo-V, 


ex' 


V^-V^  ‘exp 


X lO^(secT^) 


Run  No. 

4“Brorno-2,2-dimethylbutylamine  hydrobromide.  Ml/  = 26l  .03 
— ' Buffer:  CHaCOONa  = I.OOOj  CH3COOH  = I.OOOj  KNO3  = 1.000 

Voo“  0.566  ± 0.002  ml.,  KSCN 
First  point  at  I5*  47"  after  mixing. 

0 

3.962 

3.396 

0.53097 

0 

398 

3.698 

3.132 

0.49582 

0.03515 

2.03 

1405 

3.110 

2.544 

0. 40552 

0.12545 

2.06 

2271 

2.699 

2.133 

0.32899 

0.20198 

2.05 

3187 

2.335 

1.769 

0.24773 

0.28324 

2.04 

4081 

2.053 

1.487 

0.17231 

0.35866 

2.02 

4945 

1 .809 

1.243 

0.09447 

0.43650 

2.03 

5883 

1 .603 

1.037 

0.01578 

0.51519 

2.02 

6783 

1.430 

0.864 

-0.06349 

0.59446 

2.02 

7853 

1 .261 

0.695 

-0.15802 

0.68899 

2.02 

ave  2.03  - 0.02 

|Run  No. 

4|  4-Bromo-2,2-diisopropylbutylamine  hydrobromide,  M./  = 317. 
— ‘ Buffer:  CHaCOONa  = O.5OO;  CH3COOH  = 1.000;  KNO3  = 0.500 

Voo-  0.916  t 0.007  ml.,  KSCN 
First  point  at  1*  00"  after  mixing. 

0 

3.276 

2.360 

0.37291 

__  ^ 

66 

2.536 

1 .620 

0.20952 

0.16239 

56.7 

135 

2.006 

1 .090 

0.03743 

0.33548 

57.2 

205 

1.700 

0.784 

-0.10568 

0.47859 

53.7^ 

398 

1 .264 

0.346 

-0.45842 

u. 83133 

48.1^ 

ave  55.9  - 2.2 

liun  No, 

^ 4-Bromobutylamine  hydrobromide,  = 232.98 

Buffer:  GHaCOONa  = 2.000;  CH3COOH  = O.5OO;  KiMOa,  none. 

Voo=  0.545  i 0.006  ml.,  KSCN 
First  point  at  5'  30"  after  mixing. 

0 

4.-666 

4.121 

0.61500 

””  A 

3595 

4.535 

3.990 

0.60097 

0.01403 

0.0899 

25965 

4.001 

3.456 

0.53857 

0.07643 

0.0673 

69870 

3.155 

2.610 

0.41664 

0.19836 

0.0654 

ave  C.O666  - 0. 
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t 

sec,  t 


t,  CO 


log(V  -V^  log 


Vo'V^ 


V.-V^ 


k „ X 10^(secT^ ) 


Rim  No.  6 


4-Bromo-2,2-dimethylbutylamine  hydrobromide,  W.I  = 26l .03 
Buffer:  CHaCOONa  = 0.500;  CH3COOH  = 0.500;  KNO3  = 0.500 

Vo»=  0.531  - 0.002  ml.,  KSCN 
Fnrst  point  at  2*  45"  after  mixing. 


0 

4.548 

4.017 

0.60390 

— 

— 

895 

3.948 

3.417 

0.53364 

0.07026 

1,81 

1680 

3.504 

2.973 

0.47319 

0.13071 

1 .79 

3095 

2.824 

2.293 

0.36040 

0.24350 

1 .81 

3857 

2.530 

1.999 

0. 30081 

0.30309 

1 .81 

4817 

2.218 

1 .687 

0.22712 

0.37678 

1 .80 

5975 

1 .896 

1 .365 

0.13513 

0.46877 

1 .81 

6903 

1.697 

1.166 

0.06670 

0.53720 

1.79 

7786 

1.529 

0.998 

-0.00087 

0.60477 

1.79 

8861 

1.357 

0.826 

-0.08302 

0.68692 

1.79 

ave  1 .80 

Run  No.  7 


4-‘Bromo-2,2-dimethylbutylamine  hydrobromide,  MIV  = 26’. 03 
Buffer;  CHaCOONa  = 1.000;  CH3COOH  = 1.000;  KNO3,  none 

V«=  0.660  i 0.004  ml.,  KSCN 
First  point  at  5*  05"  after  mixing. 


0 

4.463 

3.803 

0.58013 

— 

— 

1060 

3.728 

3.068 

0.48686 

0.09327 

2.02 

1385 

3.244 

2.584 

0.41229 

0.16784 

2.05 

2665 

2.850 

2.190 

0.34044 

0.23969 

2.07 

3478 

2.536 

1 .876 

0.27323 

0.30690 

2.03 

4423 

2.208 

1.548 

0.18977 

0.39036 

2.03 

5290 

1 .934 

1.274 

0.10517 

0.47496 

2.06 

6232 

1 .721 

1 .061 

0.02572 

0.55441 

2.05 

7100 

1 .565 

0.905 

-0.04335 

0.62348 

2.02 

ave  2.04  - 0.02 


Run  No 


8 


tabulated  on  p.  8?  (unbuffered) . 
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sec. 


t 00 


log(V^-V„) 


log 


Vo-^ 


■V4.-V_ 

t»  Oo 


‘'exp.='  ’o'‘(ss'='') 


Run  Ko.  9 4-Bromo-2,2-dimethylbutylamine  hydro bromide,  W.I  = 261.03 

Buffer:  CHaCOONa  = 0.250;  CH3COOH  = 0.250;  KNO3  = 0.750 

V«.=  0.651  i 0.012  ml.,  KSCN 
First  point  at  5'  48"  after  mixing. 


0 

4.470 

3.819 

0.58195 

— 

— 

805 

3.970 

3.319 

0.52101 

0.06094 

1.74 

1590 

3.567 

2.916 

0.46479 

0.11716 

1 .70 

2333 

3.192 

2.541 

0.40500 

0.1769^ 

1.75 

3123 

2.889 

2.238 

0.34986 

0.23209 

1.71 

3997 

2.580 

1.929 

0.28533 

0.29662 

1.71 

4933 

2.291 

1 .640 

0.21484 

0.36711 

1.71 

5797 

2.063 

1 .412 

0.14903 

0.43212 

1 .72 

6724 

1 .867 

1 .216 

0.08493 

0.49/02 

1 .70 

7875 

1 .666 

1.015 

0.00647 

0.57540 

1 .68 
ave  1.71 

4-3x'omo-2,2-di]nethj’’lbutylamine  hydro  bromide.  Ml;  = 261.03 
Buffer:  CKaCCONa  - 0.250;  CH3COOH  = 0.500;  KiJQs  = 0.750 

Vc,  *=  0.588  ± 0.006  ml.,  KSCN 
First  point  at  2'  45"  after  mixing. 


0 

4.597 

4.009 

0.60304 

— 

~~  A 

1507 

4.118 

3.530 

0.54777 

0. 05527 

0.844 

3136 

3.632 

3.044 

0.48344 

0.11960 

0.877 

4632 

3.249 

2.661 

0.42504 

0.17800 

0.885 

6080 

2.943 

2.355 

0.37199 

0.23105 

0.875 

7655 

2.624 

2.036 

0.30878 

0.29426 

0.885 

9881 

2.264 

1.676 

0.22427 

0.37877 

0.883 

11749 

2.004 

1.416 

0.15106 

0.45198 

0.886 

13741 

1.781 

1 .223 

0.08743 

0.51561 

0.865 

1 5037 

1.574 

1 .016 

0.00689 

0.59615 

0.867 

ave  0.878  i 0.010 
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sec, 


V^-V 
t oo 


log(V.-Vj  log 


Vo-V„ 


V.-V^ 


k X lO^CsecT^ 
exp. 


Run  No.  11 1 4-Brorao-2,2-dimethylbutylainine  hydrobromide,  =■  261.03 
Buffer:  CHaCOONa  = 0,250;  CH3COOH  = 0.250;  KNO3,  none. 

Voo-  0.596  i 0.003  ml.,  KSCN 
First  point  at  3*  23"  after  mixing. 


0 

4.463 

3.872 

0.58794 

— 

— 

1009 

3.716 

3.120 

0.49415 

0.09379 

2.14 

2423 

2.891 

2.295 

0.36078 

0.22716 

2. lb 

3188 

2.570 

1.974 

0.29535 

0.29259 

2.12 

4479 

2.107 

1.511 

0.17926 

0.40868 

2.10 

5603 

1.819 

1.223 

0.08743 

0.50051 

2.06 

6446 

1 .607 

1.011 

0.00475 

0.58319 

2.08 

7475 

1 .435 

0.839 

-0.07624 

0.66418 

2.05 

ave  2.10  - 0.05 


Run  No . 12 


4-Bromobutylamine  hydrobromide,  MIV  =•  232.98 
Buffer:  CHaCOONa  = 0.500;  CH3COOH  = 0.250;  KNO3, 

0.156  ± 0.001  ml.,  KSCN. 

First  point  at  5'  00"  after  mixing. 


none , 


^hrs. 


0 

4,452 

4.296 

0.63306 

12.62 

3.967 

3.83  1 

0.53104 

32.63 

3.281 

3.125 

0.49435 

46.67 

2.877 

2.721 

0.43473 

59.67 

2.556 

2.400 

0.38021 

70.40 

2.344 

2.188 

0,3400^ 

82.16 

2.1  13 

1,957 

0.29159 

94.96 

1 .887 

1.731 

0.23830 

123.53 

1 .496 

1.340 

0.12710 

= *^960  X 3^  = 

k (secT^ ) X IC^  = 


^ 10^(hrs7’ ) 
exp.  


0.05202 

94.6 

0.13B21 

97.4 

0.19833 

97.6 

0.25285 

97.3 

0.29301 

95.8 

0.34147 

95.6 

0.39476 

95.5 

0.50596 

94.2 

ave  96.0  - 1.8 

0.00000266  i 0.00000005 
).0266  i 0.0005 
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sec. 


W ><exp.* 

u 


Run  No . 13 


4-Bromo-l , 1-dimethylbutylandne  hydrobrondde,  >R/  = 261.03 
Buffer:  CKaCOONa  = 0.500;  CH3COOH  = 0.250;  ICNO3,  none. 

V<y,=  0.473  - 0.001  ml.,  KSCN. 

First  point  at  3'  12"  after  mixing. 


0 

4.600 

4.127 

505 

4.598 

4.125 

12675 

4.323 

3.850 

28633 

3.987 

3.514 

0.61563 

0.61542  0.00021 

0.58546  0.03017 

0.54580  0.06983 


0.0090^ 

0.0548 

0.0561 

ave  0.0554  ± 0.0006 


I Run  No . 14}  4-Brcr.io-3,3-dimethylbutylamine  hydro  bromide,  M/  = 261.03 

Buffer:  CHaCCONa  = O.5OO;  CH3CGOH  = 0.250;  KNO3,  none. 

0.662  i 0.002  r.a.,  KSCN. 

First  point  at  3’  02"  after  mixing. 


0 

4.652 

3.990 

0.60097 

— 



909 

4.650 

3.988 

0 . 60076 

0.00021 

0.00531' 

9413 

4.635 

3.973 

u. 5991 2 

0.00185 

0.00452 

73948 

4.511 

3.849 

0.58535 

0.01562 

0.00486 

154858 

4.458 

3.796 

0.57933 

0.02164 

0.00322 

ave  U.OO42  : 

Run  Mo. 

1 5 not 

done . 

t. 

nrs. 


4-Brorao-2,2-dii.)ethylbutylamine  hydrobromide,  K./  = 261.03 
Buffer:  HCGONa  = 0.5C0;  HCOOH  = 1.000;  KNO3 , none. 

V„=  0.593  - 0.001  ml.,  KSCN 
First  point  at  14'  00"  after  mixing. 


10'‘(hrBT’) 


0 

4.644 

4.051 

0.60756 

— 

— 

4.96 

4.112 

3.519 

0.54642 

0.061 14 

284 

11.05 

3.539 

2.946 

0.46923 

0.13833 

288 

16.50 

3.106 

2.513 

0.40019 

0.20737 

289 

21 .48 

2.764 

2.171 

0.33666 

0.27090 

290 

26.37 

2.490 

1 .897 

0.27807 

0.32949 

288 

31.55 

2.233 

1 .6i!i0 

0.21484 

0.39272 

287 

36.75 

1 .994 

1 .401 

0.14644 

0.461 12 

289 

42.00 

1 .809 

1.216 

0.08493 

0.52263 

286 

46.45 

1.673 

1 .080 

0.03342 

0.57414 

285 

ave  287  - 3 

- -°2SV  •’^3^-  .00000796 
X lO'*-  = 0.0796  i 0.0008 
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log(V^-Vj 

t,  <»c  » 


liun  No.  '.y  4-Bromo-l , 1 -dimethylbutylamine  liydrobromide,  MW  = 261,03 
Duffer:  CHaCOONa  = 0.500;  CH3COOH  = 0.250;  KNO3,  none. 

Vc^=  0.583  - 0.010  na.,  KSCN 
First  point  at  32'  10"  after  mixing. 


0 

4.613 

4.030 

0,60531 

— 

* A 

8.27 

3.988 

3.405 

0.53212 

0.07319 

170^ 

14.51 

3.546 

2.963 

0.47173 

0.13358 

219 

22.02 

3.135 

2.552 

0.40688 

0.19843 

216 

29.89 

2.758 

2.175 

0.33746 

0.26785 

208 

36.21 

2.499 

1 .916 

0.28240 

0.32291 

209 

43.88 

2.242 

1.659 

0.21985 

0.38546 

206 

50.14 

2.041^ 

1.461 

0.16465 

0.44066 

212 

57.84 

1.835 

1.252 

0.09760 

0.50771 

208 

65.62 

1.687 

1.104 

0.04297 

0.56234 

201 

ave  210  i 9 

ke^p^(secT’)  = .0210  x = .00000584 

k ^ (secT’)  X 10^  = 0.0584  - 0.0025 
exp. 


Run  No.  18  4-Bromo-2, 2-diphenyl butylamine  hydrobromide,  MU  = 385.16 

Buffer:  CHaCOONa  = O.5OO;  CH3COOH  * 0.250;  KNO3,  none. 

V«=  0.878  ± 0.001  ml.,  KSCN 
First  point  at  3'  47"  after  mixing. 


b 0 C • 
0 

1 .844 

0.966 

-0.01502 

223 

.915 

0.037 

-1 .43180 

307 

.097 

0.019 

-1.72125 

413 

.694 

0.016 

-1.79588 

X 1 0^(sec7^ ) 


1,41678  146 

1.70623  128 

1.78086  99 

ave  137-9 
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t 


sec . 


V -V 
''t  oo 


log(Vt-Vj 


log: 


Vo-V« 


k X 1 0^(sec7^ ) 
exp.  ' 


Run  No . 19 


4-Bromo-2,2-diethylbutylamine  hydrobromide,  MW  = 289.08 
Buffer:  HCOONa  = O.5OO;  HCOOH  = 1.000;  lOTOa,  none. 

Voo=  0.646  t 0.001  ml.,  KSCN 
First  point  at  3*  00"  after  mixing. 


0 

4.682 

4.036 

0.60595 

— 

A 

1258 

4.547 

3.901 

0.59118 

0.01477 

0.270 

2433 

4.414 

3.768 

0.57611 

0.02984 

0.282 

3666 

4.270 

3.624 

0.55919 

0.04676 

0.294 

4761 

4.168 

3.522 

0.54679 

0.05916 

0.286 

5978 

4.020 

3.374 

0.52815 

0.07780 

0.299 

7138 

3.889 

3.243 

0.51095 

0.09500 

0.306 

834? 

3.787 

3.141 

0.49707 

0.10888 

J.3OO 

9587 

3.653 

3.007 

0.47813 

0.12782 

0.307 

10907 

3.535 

2.839 

0.46075 

0.14520 

0.306 

12408 

3.397 

2.751 

0.43949 

0.16646 

0.309 

ave  0.299  - 0.017 


The  one  unbuffered  run  .vas  carried  out  as  described  for  the  buffered 


cases.  However,  the  derived  equation  requires  the  initial  concentration  at 
time  of  mixing.  This  was  obtained  in  tenus  of  Vq-Vc^  by  calculation  from  the 


knov/n  volumes  and  concentrations.  The  experimental  rate  constant 

[k'  (sec.  ) X 10^  = 0.0047]  v/as  found  to  be  relatively  invariant  considering 

0Xp  • 

that  it  is  calculated  as  the  difference  of  tv/o  large  terms. 


iRun  i'io.  8 


4-Bromo-2,2-dimethylbutylamine  hydrobromide,  MIj  = 26l .03 
Buffer:  NONE;  KilOa  = 1.000. 

Voo=  0.558  i 0.005  ml.,  KSCN 
First  point  at  3'  26"  after  mixing. 

Initial  concentration,  0.2501  g.  in  99.92  ml.;  or  M = 0.009589 
(Vo-V^)calc. : 5.168  ml.  sample,  with  0.01211  N,  KSCN  gives 

Vq-V^^  = 4.092  ii\l. 


t 

sec . 

v.-v 

t.  0% 

T „ Vo-Vo. 

''t  ^ 

xlO'*  ^ 

(VtzV-_ 

vvo-v^  y 

1 /Vt-V«.  ;i 

tVVo-Voo  ' ) 
X lO'*' 

k'  (secT^) 

exp . 

X lO'*' 

0 

4.092 

0 

0 

206 

4.091 

0.0001 1 

0.0123 

-.00025 

-.01212 

0,0002 

313 

4.046 

0.00491 

0.361 

-.01102 

-.352 

0.009 

1225 

3.956 

0.01468 

0.276 

-.03324 

-.271 

0.005 

4196 

3.850 

0.02648 

0.1452 

-.W5915 

-.1410 

0.0042 

21435 

3.546 

0.06220 

0.0669 

-.13344 

-.0622 

0.0047 

1 50900 

2.702 

0.1 8025 

0.0275 

-.33969 

-.0225 

0.0050 

ave  O.OOA7  i 
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IV.  SlMiiiPY 


Although  the  reasons  are  not  well  understood,  it  is  v/ell-known  that 
the  introduction  of  geminal  alkyl  groups  into  a suitably  chosen  bifunctional 
corapo’ond  strikingly  enhances  the  cyclization  tendency  of  that  compound.  In 
order  to  elucidate  the  nature  of  this  phenomenon,  a series  of  geminally 
substituted  4-hromobutylamine  hydro bromides  were  prepared.  More  specifically, 
the  compounds  prepared  were  the  hydrobromides  of  4-bromobutylamine , 4-bromo- 
1 , 1-dimethylbutylamine,  4-bromo-2,2-dimethylbutylamine,  4-bromo-2, 2-die thyl- 
butylamine , 4-bromo-2, 2-diisopropylbutylamine , 4-bromo-2, 2-diphenylbutylamine , 
4-bromo-2,2-di-p-tolylbutylamine,  and  4-bromo-3, 3-dime thylbutylamine.  In 

successfully  meeting  the  syr.thetic  challenge  implicit  in  the  preparation 
of  these  difficulty  accessible  compounds,  it  is  felt  that  a valuable  contri- 
bution was  made  to  the  chemistry  of  quaternary  carbon  compounds. 

4-bromobutylamine  hyd robromide  v/as  prepared  by  the  cleavage  of  4- 
phenoxvbutylamine  with  hydrobromic  acid  and  alternatively  ty  the  hydrobromic 
acid  treatment  of  4-hj'-uroxybutylamine,  v.'hich  is  available  by  a bif'jnctional 
reduction  of  the  iiichael  addition  product  of  hydrogen  cyanide  and  methyl 
acrylate.  The  Delepine  synthesis  was  not  found  practical,  since  the  adduct 
of  tetramethylene  dibro.mide  and  hexamethylenetetraiTiine  could  not  be  success- 
fully hyarolyzed  with  hydrobromic  acid. 

4-3romo-l , 1 -dimethylbutylomine  hydrobromide  v/as  prepared  successfully 
by  the  hydrobromic  acid  treatment  of  1 , 1-dimethyl -4 -hydroxybutylamine  v;hich 
is  available  from  the  bifunctional  reduction  of  the  Iiichael  addition  product 
of  2-nitropropane  and  methyl  acrylate  v;ith  lithium  al^uminum  hydride,  a 
superior  procedure  was  developed  for  hydrolysing  lithium  aluiainum  hydride 
reduction  ;nixturcs  v/ith  a limited  quantity  of  saturated  aqueous  sodium 
chloride,  all  inorganic  matter  settles  out  in  an  easily  filterable  condition, 
leaving  the  product  in  a nearly  anhydrous  ethereal  solution.  Tlvis  procedure 
is  especially  useful  for  working  up  highly  water  soluble  amino  alcohols. 
4-Bromo-l , 1-dimethylbutylamine  hydrobroraide  vas  found  to  cyclize  in  aqueous 
solution  in  contrast  to  4-broraobutylamine  hydrobromide,  thus  establishing 
the  "geminal  alkyl  effect"  in  this  se’'xes.  The  structure  of  4-bromo-1 , 1- 
dimethylbutylamine  hydrobromide  v/as  proved  by  preparing  known  derivatives 
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of  the  product  of  cyclization,  2,2-dimethylpyrrolidine . 

1 , 1 -Dimethyl -4-ethoxybutylamine  is  also  a suitable  precursor  of  4- 
bromo-1 ,1 -dimethylbutylamine  hydrobromide  and  may  be  prepared  by  alkaline 
hydrolysis  of  N-form:/'l-l , 1 -dimethyl-4-etho3{ybutylamine,  the  product  of 
treating  1 , 1 -dimethyl -4-ethoxybutanol  ’..dth  sodium  cyanide  and  sulfuric  acid. 

The  alternate  possibility  of  preparing  1 , 1-dimethyl-4-ethoxybutylamine  by 
Hofmann  rearrangement  of  2,2-dimethyl-5-ethoxypentanamide  was  not  realized, 
since  this  ai.u.de  could  not  be  prepared  by  conventional  cleavage  of  2,2-dimethyl- 
5-ethojyvalerophenone  with  sodamide.  Instead,  the  sole  isolable  product 
from  the  attempted  cleavage  v/as  3>3>5-trimethylpyrrolidone-2.  It  is  postulated 
th  t beta  elimination  of  the  ethoj<id  group  occurs  concomitantly  \/ith  cleavage 
of  the  ketone  to  give  2,2-dir.iethyl-4-p©ntenaraide,  v/hich  then  cyclized  to  the 
pyrrolidone  in  the  basic  medium.  The  unprecedented  novelty  of  this  overall 
transformation  is  discussed. 

The  possibility  of  establishing  the  skeleton  of  4-bromo-1 , 1-dimethj’’l- 
butylamine  hydrobromide  via  Beckmann  rearrangement  was  investigated.  Thus, 
while  rearrangement  of  pivalophenone  oxime,  a model  compound,  v/ith  phosphorus 
pentachloride  is  known  to  give  benzonitrile,  and  rearrangement  v/ith  hydrogen 
chloride  in  acetic  acid  is  known  to  give  pivalanilide,  it  v/as  found  that 
rearrangement  with  benzene-sulfonyl  cliloride  i'l  a basic  medium  gave  the 
desired  N-t-butylbenzaraide.  In  view  of  this,  2,2-dinethyl-5-phenoxyvalero- 
phenone  was  prepared  by  the  alkj'lation  of  isobutyrophenone  v/ith  3-phenoxypropyl 
bromide  and  converted  to  the  oxime  which  was  then  rearranged  under  the  same 
conditions  to  give  N-benzoyl-1 , 1 -dimethyl -4-phenoxybut ylamine . This  amide 
f;roved  resistant  to  alkaline  hydrolysis,  oven  under  drastic  conditions,  as 
onlj’'  traces  of  the  desired  1 , 1-dimethyl -4-phenoxybutylamine  were  produced, 
the  starting  material  being  recovered  in  substantial  yield.  Hydrolysis  of 
the  ai.iide  with  hydrobrondc  acid,  which  was  expected  to  give  4-brorao-l,l- 
dimethylbutylamine  hydrobromide  directly,  took  another  course  as  the  C-N 
bond  was  cleaved  also,  giving  ciramonium  bromide,  phenol,  benzoic  acid,  and 
presumably  dibromo-2-raethylpentane.  Since  H-t-butylbenzamide  was  fovuid  to 
yield  amruonium  bromide,  benzoic  acid,  and  t-butylbroraide  upon  similar 
treatment,  this  appears  to  be  a general  reaction  of  the  amides  of  tertiary 
carbinamines  and  is  entirely  analogous  to  the  !<nown  behavior  of  the  esters 
of  tertiary  carbinols,  v/hich,  upon  attempted  acid  catalysed  alcoholysis,  yield 
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the  free  acid  and  a mixed  ether. 

Diinethyl-,  diethyl-,  and  di-p-tolylacetonitriles  were  prepared  by 
dehydration  of  the  corresponding  amides,  which  in  turn  were  prepared  from 
the  corresponding  acids  via  the  acid  chilorides.  The  overall  conversion  of 
the  acids  to  the  nitriles  was  carried  out  by  a procedure  specifically 
developed  to  be  superior  to  the  established  procedures,  both  with  respect 
to  manipulative  simplicity,  and  to  the  yields  attainable,  Di-p-tolylacetic 
acid  was  prepared  by  acid  catalysed  hydrolysis  of  the  carbitol  acetal  of 
di-p-tolylketene,  which  was  obtained  by  sodium  carbitoxide  treatment  of 
1 ,1 -di-p-toly 1-2,2, 2-trichloroethane,  the  condensation  product  of  toluene 
and  chloral.  Diisopropylacetonitrile  v/as  prepared  in  high  yield  by  fusion 
of  potassium  h3’"droxide  and  diisopropylcyanoacetic  ester,  vjhich  was  in  turn 
prepared  in  near  quantitative  yield  by  the  alkylation  of  cyanoacetic  ester 
with  isopropyl  iodide  in  the  presence  of  sodium  isopropoxide . The  utilization 
of  the  base  soaium  isopropoxide  is  therefore  seen  to  be  potentially  useful 
for  the  introduction  of  hindered  groups  into  cyanoacetic  ester  in 
unprecedented  yield. 

2,2-Dimethyl-,  -diethyl-,  -diisopropyl-,  -diphenyl-,  and  -di-p-tolyl-4- 
phenoxybutyr onitriles  were  prepared  by  the  alkylation  of  the  corresponding 
disubstituted  acetonitriles  with  pheno>:yetliyl  bromide  in  the  presence  of 
lithium  diethylamide.  In  addition,  2, 2-diisopropyl -4-niethoxybutyronitrile 
was  prepared  by  the  alkylation  of  diisopropylacetonitrile  with  raethoxyethyl 
bromide.  These  alkylations  set  a precedent  and  serve  to  illustrate  the 
variety  of  "prohibitively  hindered"  nitriles  which  have  now  become  available 
through  the  use  of  lithium  diethylamide.  Upon  reduction  of  the  substituted 
butyronitriles  vath  lithium  aluminum  hydride,  and  hydrolysis  of  the  reaction 
mixtures,  the  corresponding  substituted  butylamine?  were  obtained  except 
for  the  case  of  2,2-diisopropyl-4-phenoxybutyronitrile,  vihich  is  so  hindered 
that  reduction  proceeded  slowly  to  give  perhaps  the  expected  dinegatively 
charged  anion  of  2,2diisopropyl-4-phenoxybutylamine,  an  inordinately  unstable 
intermediate,  which  spontaneously  cyclized  with  the  elimination  of  phenoxide 
ion,  thus  demonstrating  the  plienomenal  activity  of  the  geminal  diisopropyl 
grouping  over  that  of  methyl,  ethyl,  or  phenyl,  etc.  However,  the  reduction 
of  2,2-diisopropyl-4-methoxybutyronitrile  proceeded  nomally,  giving  the 
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expected  methoxy  amine  in  excellent  yield.  The  limitations  of  other  methods 
of  reducing  tertiary  nitriles  are  discussed.  Zf-Bromo-2, 2-dimethyl-,  -diethyl- 
and  -diisopropylbutylamine  hydrobromides  v/ere  obtained  by  iiydrolysis  of 
the  phenoxy  and  inethoxy  amines  with  hydrobromic  acid.  Tne  4-bi'omo-2,2- 
diphenyl  and  di-p-tolylbutylamine  hydro brmides  were  obtained  in  very  lov/ 
yield  and  lov/  purity  by  the  same  metiiod.  dince  the  principal  by-products  v/ei*e 
the  cyclized  materials,  the  3, 3-di substituted  pyrrolidines,  the  course  of 
the  elimination  of  the  phenoxy  grouping  needs  wore  study,  and  it  is  suggested 
that,  as  in  the  diisopropyl  case,  the  metho>:y  group  will  be  easier  to  displace 
These  bromoandne  hydrobromides  are  unstable  in  aqueous  solution  and  cyclize 
rapidly  with  the  elii.iination  of  hydrogen  bromide.  The  structures  of  the 
bromo  aiiiine  salts  viere  proved  by  an  unequivocal  and  independent  synthesis  of 
one  cyclization  product,  3>3-dimethylpyrrolidine,  and  by  conversion  of  another 
cyclization  product,  3j3-diphenylpyrrolidine,  to  its  liydrochloride,  a known 
compound. 

Other  methods  for  establishing  the  essential  skeleton  of  4-bromo-2,2- 
dimethylbutylamine  were  investigated.  It  v;as  found  that,  although  neither 
nitromethane  nor  liydrogen  cyanide  v/ould  add  to  ethyl  3-methyl -2-butenoate, 
nitromethane  added  smoothly  to  ethyl  2-cyano-3-methyl-2-butenoate,  but  the 
resulting  i-Iichael  addition  product  could  • t be  hydrolysed  to  2,2-dimethyl- 
4-nitrobutyric  acid  because  of  preferential  complex  decompostion.  Hofmann 
rearrangement  of  3j 3-dimethylglutaramic  acid  and  its  methyl  ester  v;as  also 
unsatisfactory  due  to  extensive  cyclization  of  the  starting  materials  to 
give  3i 3-dimethylglutarimide. 

4-Bromo-3,3-dimethylbutylaraine  hydrobromide  vas  prepared  by  hydrobromic 
acid  hydrolysis  of  4-bromo-3,3-dimethyl-l-phrhalimidobutane.  The  product 
of  the  Gabriel  retiCti.cn  bet\.'ecn  potassium  phthalir.dde  and  1 ,4-dibromo-2,2- 
diiiiethylbutane  \/hich,  was  in  turn  prepared  froia  the  correspoiiding  glycol  as 
obtained  by  lithium  aluminum  Iwiride  reduction  of  as-dimethylsuccinic 
anhydride.  This  novel  synthesis  makes  full  use  of  the  fact  that  neopentyl 
halides  are  inert  to  displacement  reactions  such  as  the  Gabriel  synthesis, 
although  the  halogen  of  4-bro.mo-3, 3-dimethylbutylamine  is  inert  to  inter- 
molecular  displacement,  the  molecular  georaetry  is  such  as  to  allow  intra- 
molecular displacement  as  evidenced  by  the  fact  that  the  free  amine  cyclizes 
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readily.  The  product,  3* 3-dimethylpyrrolidine  is  also  the  cyclization 
product  of  4-brorao-2,2-dimethylbutylamine,  thus  establishing  the  structure 
of  the  bromo  amine  as  correct. 

Other  methods  for  establishing  the  4-bromo-3,3-dimethylbutylamine 
skeleton  were  completely  unsatisfactory.  3»3-Dimethyl-l -nitrobutariedio 
was  prepared  by  condensation  of  nitremethane  and  hydroxypivalaldehyde  in 
very  low  and  unre producible  yields,  furthermore,  purification  of  this  nitro 
glycol  was  impossibly  difficult.  Condensation  of  nitromethane  and  acetoxy- 
pivalaldehyde  was  also  unfeasible  because  of  low  yields.  The  unexpected 
inherent  instability  of  acetoxypivaldehyde  is  discussed.  The  nitro  glycol 
v/as  dehydrated  with  acetic  anhydride  to  give  2,2-dimethyl-4-nitro-3-butenyl 
acetate  which  v/as  then  reduced  with  lithium  aluminujn  hydride  to  3> 3-dimethyl- 
4-hydroxybutylamine . Reduction  of  the  product  of  opening  as-dimethylsuccinic 
anhydride  with  ammonia  v/as  also  investigated  as  an  alternate  route  to  the 
latter  amino  alcohol,  however,  it  v/as  found  that  a mixture  of  the  desired 
amino  alcohol  and  2,2-dimethyl-4-hydroxybutylar.iine  v/as  formed  since  treatment 
with  hydrobromic  acid  gave  a mixture  of  gummy  material  and  4-bromo-2,2- 
dir.vethylbutylamine  hydrobromide.  Therefore,  ammonia  opens  as-dimethylsuccinic 
anhydride  to  give  substantial  quantities  of  a stericall;/  and  electronically 
unexpected  succinamatc . Phenylhydrazine  does  open  this  anhydride  unilaterally, 
but  the  resulting  product  could  not  be  reduced  to  the  desired  amino  alcohol 
in  spite  of  the  fact  that  N-N  bonds  suffer  facile  hydrogenolysis.  Cyanohydrin 
esters  are  knov/ri  to  undergo  hydrogenolysis  to  give  nitriles.  However,  the 
diacetate  of  hydro jypivalaldehyde  cyanohydrin  failed  to  undergo  this  reaction, 
although  the  monotosylate  of  2,2-dimethylpropanediol-i ,3  failed  to  react  v/ith 
potassium  cyanide,  3> 3-dimethyl- 3-methoxypropanol  tosylate  reacted  smoothly 
under  forcing  conditions  to  give  the  corresponding  nitrile,  which  v/as  reduced 
to  3j3-dimeth5'’l-4-methoxybutylamine.  Disappointingly,  cleavage  of  this 
compound  with  hydrogen  bromide  gave  rearranged  products.  Finally,  an 
attempted  alkylation  of  acetonitrile  v/ith  methyl  alpha -bromo-isobutyrate  gave 
tarry  products. 

Limitations  in  the  standard  methods  of  distinguishing  among  primary, 
secondary,  and  tertiary  amines  are  discussed. 

Time  was  available  to  allovv  only  enough  kinetic  runs  to  be  made  to 
outline  the  scope  of  the  problem,  Prir.iarj'’  and  secondary  salt  effects  were 
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obsei'ved,  the  rate  of  the  ring  closure  was  found  to  be  extraordinarily 
sensitive  to  the  hydrogen  ion  concentration.  Once  standardized,  the  rate 
of  reaction  will  prove  to  be  a very  sensitive  method  for  the  measurement  of 
pH  of  buffer  solutions  on  the  acidic  side  of  neutrality. 

The  effect  of  substitution  of  methyl  groups  on  the  rate  of  cyclization 
was  found  to  be  small  in  the  1,1  position;  large  in  the  2,2  position;  and 
to  depress  the  rate  when  in  the  3>3  position.  Increasing  the  size  of  the 
groups  to  ethyl  to  isopropyl  in  the  2,2-position  increased  the  rate  still 
more,  but  less  so  than  aid  the  original  substitution  of  methyl. 

The  effect  is  probably  almost  completely  steric  since  phenyl  and  iso- 
propyl had  similar  large  effects  on  the  rate  despite  the  disparity  in 
electronic  effects  of  these  groups.  « speculation  on  the  large  steric 
effects  noted  has  been  presented  and  discussed;  and  the  need  for  further 
v/ork  on  this  problem  v/as  pointed  out. 
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